Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


,  Google 


,  Google 


,  Google 


,  Google 


THE  STUDENT'S  HANDBOOK 


STEATIGRAPHICAL   GEOLOGY 


The  Publisher  intends  this  book 
to  be  sold  to  the  Public  at  the 
advertised  price,  and  the  terms 
on  which  it  is  suppHed  to  the 
Trade  will  not  allow  of  discount. 


.V  Google 


,  Google 


THE   STUDENT'S  HANDBOOK 


STRATIGEAPHICAL  GEOLOGY 


A.  J.  JUKES-BROWNE,  B.A.,  F.G.S. 


lULU  ST  RATED    V 


)  Fiaunis  OF  FOBSIU8 


LONDON:    EDWARD   STANFORD 

12,  18,  14  LOHG  ACRE,  W.C. 

1902 


.V  Google 


GENERAL 


,  Google 

I 


PBEFACE 

This  volume  is  based  on  the  StudeTtfs  SandbocA  of  Histeriettt 
QtoUgy,  published  hj  Messrs.  G.  Bell  and  Sons,  and  may  be 
regarded  as  a  second  edition  of  that  book,  but  it  has  been 
entirely  re-written,  and  its  title  is  altered  from  Historical 
Geology  to  Stratigraphical  Geology,  because  it  is  considered 
that  the  latter  is  the  more  cnstom&ry  designation  of  the 
anbject,  though  the  former  is,  strictly  speaking,  the  more 
accurate  and  compreheoBive  term. 

Great  advances  have  been  made  in  Geology  during  the 
last  fifteen  years,  and  a  much  larger  mass  of  information  has 
to  be  considered  by  the  compiler  of  such  a  handbook  as  this 
than  was  available  prior  to  1886.  The  labour  of  compilation 
is  consequently  greater,  and  yet  there  are  still  many  parte  of 
Great  Brittun  which  have  not  yet  been  completely  explored, 
and  there  are  still  important  questions  upon  which  authoritiea 
differ,  questions  not  only  of  nomenclature  and  grouping,  but 
also  r^arding  the  actual  age  and  correlation  of  certain  rock- 
groups.  Hence  what  was  written  on  this  point  in  1886 
remains  equally  true  at  the  present  time,  and  may  be  con- 
veniently repeated,  for  "  under  these  circumstances  the  com- 
pUer  of  a  student's  handbook  frequently  finds  it  difficult  to 
decide  whether  he  should  follow  some  one  authority  or 
endeavour  to  extract  truth  and  justice  from  conflicting  state- 
ments, and  often  he  is  forced  to  form  his  own  ojnnion  on  the 
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facto  brought  forward  by  different  obaerrera."  In  many  caaee, 
hovever,  I  have  mentioned  the  existence  of  an  opinion  differ- 
ing from  the  one  which  I  have  adopted. 

The  general  plan  of  the  original  book  has  been  retained, 
bat  new  features  in  the  present  volume  are : — 

1.  The  expansion  of  the  chapters  dealing  with  the 
Palteozoic  rocks. 

2.  The  insertion  of  small  geological  maps  of  some  of  the 
more  important  districto  in  England  and  Wales.  These  are 
in  black  and  white,  but  every  reader  can  colour  them  for 
himself,  and  he  should  approximate  his  colours  to  those  used 
by  the  Geological  Survey. 

3.  Ad  increased  number  of  other  iUostrations,  both  of 
fossils  and  of  the  diagrams  which  are  usually  called  "  hori- 
zontal sections." 

Most  of  the  inapB  have  been  prepared  in  Mr.  Stanford's 
establishment  from  sketches  supplied  by  myself,  and  where 
other  sources  are  not  mentioned  they  are  based  on  the  maps 
of  the  Geological  Survey. 

Many  of  the  figures  of  fossils  are  borrowed  from  those  in 
the  sixth  edition  of  Sir  A.  C.  Ramsay's  Phyeieal  Otology  and 
Geography  of  Great  Britain,  aud  many  of  the  other  illustrations 
are  figures  which  have  appeared  in  the  publications  of  the 
Oeological  Society  and  the  Geologist's  Association;  for  the 
use  of  these  my  thanks  are  due  to  the  Councils  of  both 
Societies,  and  to  the  authors  of  the  papers  from  which  they 
are  taken. 

The  sections  on  Paleogeography  have  been  brought  up  to 
date,  but  most  of  them  have  been  abridged  because  this  part 
of  the  subject  has  been  dealt  with  in  a  separate  volume 
entitled  the  Building  of  the  BriUsk  Islands,  of  which  a  second 
edition  was  issued  in  1892,  and  is  still  purchaseable. 
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CHAPTER   I 

INTRODUCTION 

Soops  of  tbe  Sabjeot. — In  moat  inanuab  of  Gmlogy  this 
brancti  of  the  subject  is  called  Straligrapbical  Qeologj  because  it 
chiefly  coDsiste  in  the  description  of  the  great  stratified  series  of 
rocks  which  make  tip  the  mass  of  the  earth's  crusL  It  is  some- 
timefl  called  Historical  Oeoli^,  because  it  should  comprise  not 
only  a  description  of  the  Tarious  rocks  which  were  formed  during 
each  period  of  the  world's  history,  but  also  some  account  of  the 
forms  of  life  which  are  entombed  in  these  rocks,  with  a  sketch  of 
the  physical  geography  of  the  earth  during  each  period,  and  a  notice 
of  the  changes  in  the  relative  position  of  land  and  sea  which  took 
place  from  time  to  time  ;  all  this  should  be  made  as  complete  as 
the  imperfection  of  the  geological  documents  will  allow. 

Neither  designation  is  quite  aatiafactorj,  but  either  of  them 
may  be  used  so  long  as  it  is  understood  to  mean  a  geological  history 
- — a  collation  of  the  knowledge  acquired  in  all  the  other  depart- 
ments of  the  Science,  and  its  application  to  elucidate  the  history 
of  the  earth,  or  of  a  portion  of  the  earth,  from  the  earliest  time 
of  which  any  tecoids  exist  down  to  the  time  of  human  history. 

At  present  there  are  only  a  few  limited  areas  of  the  earth's 
Burface  about  which  we  have  anything  like  a  full  stratigraphical 
knowledge,  and  much  remains  to  he  leamt  even  in  the  areas  about 
which  we  know  most  Geological  History,  therefore,  is  yet  in  its 
infancy ;  but  enough  is  now  known  of  the  stratigraphical  geology 
of  Europe  to  make  it  possible  to  give  an  outline  of  its  geolt^cal 
history,  and  American  geolt^ts  are  rapidly  making  it  possible  to 
do  the  same  for  North  America,  In  this  volume,  however,  we 
shall  not  travel  beyond  the  limits  of  the  British  Islands,  except 
where  our  own  records  are  deficient,  oi  where  some  knowledge  of 
contioental  geology  is  necessary  to  the  proper  understanding  of  the 
«  that  took  place  in  Britain. 
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Tbe  SuooesBloa  of  Stratified  Rocfca — The  general 
principles  un  which  historic&l  geology  is  founded  are  easily 
understood,  and  the  manner  in  which  the  order  and  succeasion  of 
rock-groupa  is  established  will  now  be  hriefly  explained.  The 
mere  eucceesion  of  strata  in  any  district  or  coontry,  however,  is 
one  thing,  and  the  grouping  of  such  strata  into  larger  systems, 
representing  definite  geolc^cal  periods,  is  another  thing,  and  one 
which  requites  consideration  from  several  points  of  view.  A 
subsequent  chapter,  therefore,  will  be  devoted  to  a  discussion  of 
the  principles  upon  which  divisional  lines  may  be  drawn  in 
any  established  snccession  of  rock^proups. 

The  two  principal  tests  by  which  the  relative  age  of  different 
strata  is  determined  are — (I),  Superposition  ;  (2),  Fossil  contents. 

The  conclusions  to  be  drawn  from  the  superposition  of  strata  are 
expltuaed  in  most  text-books  of  physical  geology,  and  the  law  of 
vertical  succession  which  forma  the  basis  of  the  whole  fabric  of 
historical  geology  may  be  stated  as  follows  ; — "  In  any  succession 
of  beds  each  one  represents  the  conditions  which  prevailed  over  a 
certain  area  for  a  certain  length  of  time,  the  lowest  is  the  oldest, 
the  nppermost  is  the  newest,  and  tbe  relative  age  of  the  others  is 
indicated  by  their  relative  position."  If  the  strata  are  inclined,  the 
right  order  is  ascertained  by  making  a  geological  survey  of  the 
district,  and  constructing  a  section  at  right  angles  to  the  general 
strike  of  the  beds. 

Again,  by  tracing  any  one  set  of  strata  hoiizontally  along  their 
strike  from  one  part  of  a  district  to  another,  where  perhaps  there 
are  other  rocks  of  a  different  kind,  we  obtain  a  datum  of  reference 
by  which  U>  determine  whether  the  rocks  in  the  second  area  are 
newer  or  older  than  those  in  the  first. 

So  long  as  there  is  physical  and  geological  continuity  between 
the  different  portions  of  a  district,  i.e.  so  long  as  some  one  member 
of  a  conformable  series  of  strata  can  be  followed  continuously,  such 
a  survey  generally  affords  sufficient  data  for  ascertaining  the  relative 
position  of  the  rocks  which  occur  in  the  district,  and  for  constructing 
a  table  of  their  vertical  succession.  But  when  either  geographical 
or  geol<^cal  continuity  is  interrupted — that  is,  when  a  district  or 
country  is  separated  from  others  of  like  structure  either  by  the  sea 
or  by  tracts  of  totally  different  rocks — then  we  must  begin  all  over 
again,  and  construct  an  independent  table  of  strata  for  the  new 
district  For  example,  Wales  is  a  district  to  all  parts  of  which  one 
system  of  classification  and  nomenclature  can  be  applied.  Similar 
groups  of  rocks  occur  in  Ireland  on  the  one  hand,  and  in  Cumberland 
on  the  other ;  but  Wales  is  physically  separated  from  Ireland  by 
the  Irish  Sea,  and  geologically  separated  from  Cumberland  hy  the 
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Triasdc  plaina  of  Cheshire  and  Lancashire  ;  hence  the  same  sjstem 
of  nomenclature  could  not  be  used  in  the  other  dietricEa,  the  vertical 
succesiion  had  to  be  determined  independently,  and  local  names 
given  to  the  different  HubdiviMons  in  each  district  before  they 
could  be  in  any  way  compared  with  one  another. 

But,  it  may  be  asked,  when  two  such  dietricta  have  been  inde- 
pendently inveatigated,  how  are  we  to  correlate  the  two  tablea  of 
itrata,  and  ascertain  which  rooks  or  rock-groups  were  approxi- 
mately contemporaneous  ?  It  is  Here  that  a  knowledge  of  fossils 
(pBlsoutol(^)  comes  to  our  aid,  and  enables  us  to  identify  rocks  by 
their  fossil  contents,  so  that  strata  in  different  districts  and  of 
different  lithological  characters  may  be  included  in  the  same  natural 
group  or  system,  because  they  contain  the  same  or  closely  similar 
species  of  fossils.  This  was  the  principle  discovered  and  applied  at 
the  beginning  of  this  century  by  Dr.  William  Smith,  who  is  often 
called  the  Father  of  British  Qeology,  and  who  was  certainly  the 
founder  of  that  branch  of  the  science  which  is  the  subject  of  the 
present  volume. 

The  book  in  which  Smith  recorded  his  discovery  of  the  strati- 
graphical  use  of  fossils  was  entitled  Strata  identified  by  Organwed 
FouiU,  and  was  published  in  1816.  He  had  previously  made 
oat  the  succession  of  the  strata  which  occur  near  Bath,  and  had 
observed  that  each  well-marked  group  of  beds  contained  a  special 
assemblage  of  fossib.  As  his  acquaintance  with  English  rocks  be- 
came larger  he  noticed  that  there  was  a  similar  succession  elsewhere, 
and  thus  (in  the  words  of  his  nephew  and  biographer^)  "he  inferred 
that  each  of  the  separate  periods  occupied  in  the  formation  of  the 
strata  was  accompanied  by  a  peculiar  series  of  the  forms  of  organic 
life,  that  these  forms  characterised  those  periods,  and  that  the  differ- 
ent strata  could  be  identified  in  different  localities  and  otherwise 
doubtful  cases  by  peculiar  embedded  organic  remains." 

The  eiperienceof  subsequent  observers  confirmed  and  established 
this  inference,  which  has  become  a  guiding  principle  in  atratigraphical 
geol(^.  Further  research,  moreover,  has  brought  out  the  more 
definite  conclusion  that  there  has  been  a  continuous  succession  of 
life-forms,  that  species  and  genera  and  families,  and  even  whole 
orders  of  beings,  have  come  into  existence,  have  flourished,  and  have 
then  gradually  died  out,  never  to  recur.  It  is  this  non^eeurrmt^  of 
species  which  gives  a  special  value  to  fossils  as  a  l«st  of  age  and  as 
a  means  of  correlation.  The  same  kind  of  lock  has  been  formed 
again  and  again  during  the  history  of  the  world,  but  when  once  a 
species  has  died  out  it  has  never  appeared  again. 

It  must   not  be   supposed,  however,  that  the  stratigraphical 
'  Jfown'rj  <if  Wiiiiam  Smith,  by  John  PlilUps,  F.R.S.,  1844. 
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Baccesaion  of  rocks  presenU  ua  witb  a  complete  record  of  the 
hUtorj  of  the  e&rth,  or  tliat  it  will  ever  supply  oa  with  examples 
of  all  the  species  which  have  lived  upon'  the  earth's  surface.  On 
the  contrary,  the  records  preserved  to  us  are  very  incomplete,  and 
many  pages  are  wanting  in  every  chapter  of  the  great  volnme,  no 
that  Stratjgraphical  Geology  cannot  he  defined  as  a  hiatory  of  the 
earth;  it  would  he  more  correctly  deaciibed  as  tctnes  from  the 
IvuU/ry  of  the  tarih. 

The  causes  which  have  produced  this  "  imperfection  of  the 
record"  will  be  indicated  in  the  next  chapter.  The  reader  will 
then  be  prepared  to  enter  more  folly  into  the  principles  on  which 
the  long  saccesaion  of  formations  has  been  divided  into  systems, 
and  the  grounds  on  which  these  systems  have  been  subdivided  into 
rock-groups  of  fairly  equivalent  value.  Finally,  a  few  words  on 
the  diatribution  of  species  at  the  present  day  will  explain  some 
limitations  in  the  application  of  palcoontological  evidence,  and 
prepare  hira  for  the  distinction  between  eynt^ronism  and  hmnctaxit 
in  correlating  the  rock-groaps  of  different  countriea. 

From  the  above  remarks  it  will  he  obviona  that  some  previous 
knowledge  of  physical  geology  and  of  zoology  ia  a  necessary 
preparation  to  the  study  of  Stratigraphical  Geology.  The  reader 
may  gain  the  first  from  any  elementary  manual  of  geology  or  from 
the  author's  Handhook  of  Phytical  Geology  (Q.  Bell  and  Sons)  ;  and 
Woods's  Elementary  Palaontclegy  {Cambridge  Univ.  Press)  will 
furnish  him  with  a  good  introduction  to  the  palseontology  of  the 
Invertehrata. 

For  the  purpose  of  convenient  reference  an  outline  of  the  general 
classification  of  the  animal  kingdom  is  here  appended,  the 
arrangement  of  the  Invertebrate  classes  being  subatantially  that 
to  be  found  in  Zittel's  Palaontology  and  in  Woods's  Elenuniairy 
Pahamtology,  except  that  in  the  classification  of  the  Echinoderma  I 
have  followed  Messrs.  Bather  and  Gregory.  The  arrangement  of 
the  Vertebrata  is  baaed  on  that  given  in  A.  S.  Woodward's  Otiilinet 
of  Verttbrate  PaUamtology, 
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BCHIHODEBUA . 


HOLLUSCOIDEA 


ABTHROPODA    . 


llUiizopoda  . 
'1  Infuaoris 


\  Authozoa  or  Actiuozoa 


Cystidea     . 
Edriouteroides. 
CriDoide*  ■ 


Ecbiaoidea 

^Holothuroidea 

rPlat^helmia 


J  Nemerti 
I  Rotifers 

["Brjozos 
I  Bracbiopoda 


Acerata 
Mytiapoda 


Olden  fOnnd  frasU. 

{Faraminilera. 
Badiolaria. 
'  f  (No  fossil  forms). 

fCalcarea. 
.-iHeiactmellidrp. 
iDemaspoiigia. 
/ZoanthariL 
Ulcyonaria. 

iHydrocorallinsi- 
Stroma  toporoidea. 
Graptolitoidea. 
FrotobUstoidea. 
Eublsstoidea. 
{Amphoridea. 
Bbombifera. 

fMonoojrclica. 
'  X  Dicychca. 
/  Asteroidea. 

■  \  Ophiuroidea. 
/Ragnlaria. 

'  \  Irregularia. 

.    OcoBsionally  fossil. 

.  VNo  foswl  forma. 

.    Chietopoda. 
.    Gymnoliemata. 

(Inartioalata. 
ArtioaUCa. 
1  Friocodesmacea. 
i  Anomalodesmacea. 

■  (Xeleodesmacea. 

.    (DeDtalium,  etc.) 
Polyplacopbora. 

(■Streptonaura. 
"  \  Euthyneura. 

/Tetrabranobiata. 
■\DibraiicliUta. 

iTrilobita. 
Entomostraca. 
Malacostracs. 
Cirripedia. 
(  Merostomata. 
'  \  Arachnid  a. 
.     Rare  as  fossils. 

IAptera. 
Orthoptera. 
Nenroptara. 
Hemiptcra. 
Coleoptera. 
Dipt^«. 
Lepidaptara. 
BymeDoptero. 
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Hnb-klngdomi. 

ClMMB. 

Ordac*  found  fOnU, 

Chobbata 

Tuuicata,  etc 

Few  fouil  farou. 

Agnatha     .        .        . 

Ostracodenni. 
CliimieroideL 

Piscea 

Elasinobranoliii. 

~\  DipnoL 

Uradala. 

ADUm. 

LacBrtilta. 

Ophidia. 

Reptilia 

Plesiosauria, 
aehthyoeauria. 
lADomodontia. 

Vbrtkdrata   . 

Ehvn  chocsp  hal  ia. 

Dinoeanria 

Ptoroaauria. 

Odontomithoa. 

AVM 

Rati  tie. 

Cannate. 

Prototheria. 

Kdentata. 

airenia. 

CetaCEa. 

MammalU 

UagiUata. 
Rodentia. 
Garni  Tora. 

Cheiroptera. 
Primates. 
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CHAPTER  II 

ORIGIN  AND  SUCCESSION  OF  SPECIES 

Oriebi  of  Species. — At  the  outset  of  thia  inquiry  we  &re  met 
by  the  question,  What  is  a  apeciea  }  Before  the  publication  of 
Darwin's  book  on  the  Origin  of  Sfecia  most  people  regarded 
a  Bp«ciea  as  the  result  of  a  special  creation  of  a  definite  kind  of 
plant  or  animal,  yet  all  who  studied  either  plants  or  animals 
were  obliged  to  admit  that  some  species  displayed  many  varieties, 
and  also  that  it  was  difficult  to  say  what  amount  of  difference 
should  constitute  a  species. 

Laraarck  in  1801  was  the  first  to  propound  the  doctrine  that 
all  eiisting  speciea  are  descended  from  Other  species,  but  few 
naturalists  gave  credence  to  hia  views,  and  it  was  not  till  1859, 
when  Darwin  published  hia  book,  that  the  world  became  familiar 
with  such  a  doctrine. 

On  the  primary  point  of  the  appreciation  of  differences  Darwin 
remarks  {Origin  of  Speeixs,  siith  editioi^  p.  41),  "Certainly  no 
clear  line  of  demarcation  has  yet  been  drawn  between  species 
and  sub-species — that  is,  the  forms  which  in  the  opinion  of.  some 
naturalists  come  very  near  to,  but  do  not  quite  arrive  at,  the 
rank  of  species;  or  again  between  sub-species  and  well-marked 
varieties,  or  between  lesser  varieties  and  individual  diSerences  ; 
and  a  series  [of  specimens]  impresses  the  mind  with  the  idea  of 
an  actual  passage."  Further  on  he  says,  "From  these. remarks 
it  will  be  seen  that  I  look  at  the  term  species  as  one  arbitrarily 
given,  for  the  sake  of  convenience,  to  a  set  of  individuals  closely 
resembling  each  other,  and  that  it  does  essentially  differ  from  the 
term  variety,  which  is  given  to  less  distinct  and  more  fluctuating 

Darwin  and  Wallace  developed  their  views  about  the  same 
time,  and  both  accounted  for  the  existence  of  so  many  varieties, 
species,  and  genera  of  organisms  by  indicating  the  various  causes 
and  conditions  which  influence  all  kinds  of  organisms  and  tend  to 
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modify  their  habits,  formB,  and  membera.  They  have  shown  how 
the  conatODt  struggle  for  eiistence  and  the  frequent  changes  of 
environment  may  have  developed  or  have  increased  a  tendency 
to  variatioD,  and  how  this  variation  results  in  the  formation  of 
varieties  and  species.  NatuiAl  selection  (or  the  selective  action 
of  natural  processes)  results  also  in  the  extinction  of  many  forms 
and  in  the  survival  of  a  few — namely,  of  those  few  which  are  the 
most  capable  of  accommodating  themselves  to  the  more  rigorous 
and  changed  conditions  of  existence.  This  is  called  the  "  survival 
of  the  fittest"  It  is  by  the  infiaite  repetition  of  these  processes 
that  species  which  are  now  widely  different  may  have  been  evolved 
from  a  common  oncefltor. 

Another  consequence  of  natural  selection  is  the  preservation  of 
those  varieties  and  species  which  chance  to  possess  peculiarities 
that  are  useful  to  them  in  the  struggle  for  existence.  Thus  as 
Darwin  says  (op.  dl,  p.  103),  "  it  leads  to  the  improvement  of  each 
creature  in  relation  to  its  organic  and  inorganic  conditions  of  life, 
and  consequently  iu  most  cases  to  what  must  be  regarded  as  an 
advance  in  organisation,"  In  other  words,  it  leads  to  the  evolution 
of  higher  and  higher  forma  of  life. 

Now  if  the  descendants  of  varieties  may  become  different 
species,  and  if  the  descendants  of  different  species  may  in  course 
of  time  become  so  differentiated  that  most  naturalists  would  rank 
them  as  different  genera,  and  if  this  process  hua  been  going  on 
during  the  whole  of  geological  time,  since  the  world  first  became 
fit  to  support  life  ;  then  we  might  expect  that  the  successive 
assemblages- of  fossils  preserved  for  us  in  the  rocks  of  the  earth's 
crust  would  furnish  us  with  a  long  succession  of  links  between  one 
Species  and  another,  and  would  connect  the  generic  forms  of  the 
present  with  those  which  have  long  been  extinct.  Unfortunately, 
however,  though  many  such  links  have  been  found,  and  though 
more  come  to  light  every  year,  so  that  the  genealogy  of  many 
genera  can  be  satisfactorily  made  out,  yet  there  are  reasons  why 
we  can  never  hope  to  find  all  the  links  in  the  chain. 

Imperfection  of  the  Oeologlcal  Record. — That  the 
truth  of  Darwin's  theory  of  the  origin  of  species'cannot  at  once  be 
proved,  and  the  complete  genealogy  of  modern  genera  be  constructed 
from  the  records  of  the  past,  ie  due  to  the  imperfection  of  that  very 
geological  record  which  would  otherwise  contain  the  obvious  proof 
or  refutation  of  the  hypothesis.  This  imperfection  results  firom 
two  causes,  (1)  the  conditions  which  limit  the  entombment  and 
preservation  of  organic  remains,  (2)  the  frequent  erosion  and 
destruction  of  the  deposits  in  which  they  have  been  buried. 

1.   CondilioTU  of  Entombment. — If  we  consider  the  manner  in 
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which  depodts  are  now  taking  place,  we  nhall  perceive  that  the 
preservation  of  many  kinds  of  organic  remains  in  these  deposits  is 
likelj  to  be  an  exceptional  and  accidental  occurrence.  Deposition 
of  sediment  is  not  an  uninterrupted  process  likely  to  ensure  the 
conserration  of  specimens  of  the  greater  number  of  plants  and 
animals  living  at  any  one  time,  but  is,  on  the  contrary,  so 
discontinuous  that  only  a  small  proportion  of  any  fauna  or  flora 
would  be  entombed  in  such  a  way  as  to  be  permanently  preBerved, 
either  in  terrestrial  or  marine  deposits. 

On  land,  generations  of  animals  may  die  and  moulder  away, 
sheila,  bones,  and  all,  without  any  remains  being  transported  to 
plkces  where  deposits  are  accumulating.  Mr.  F.  C  Selous  remarks 
that  in  South  Africa  "no  oiganic  matter  lasts  very  long  when 
exposed  to  the  weather,  and  even  the  skull  and  leg  bones  of  an 
elephant  would,  I  think,  crumble  to  dust  and  absolutely  disappear 
in  less  than  iifteea  years  from  the  date  of  the  animal's  death."  ^ 
In  some  countries  where  the  climate  is  very  dry  they  last 
more  than  fifteen  years,  but  still  ultimately  decay  and  crumble 

Of  the  larger  land  animals  a  few  are  occasionally  bnried  in  bogs 
or  drowned  in  lakes  and  rivers,  and  still  fewer  are  carried  down 
by  rivers  to  the  sea.  The  animals  which  live  in  fresh  water  and 
the  leaves  of  plants  stand  a  better  chance  of  preservation  in  those 
parts  of  the  country  where  lacustrine  and  fluviatile  deposits  are 
being  formed ;  but  these  purely  freshwater  beds  occupy  but  small 
areas,  and  are  particularly  liable  to  subsequent  destruction,  so  that 
as  a  rule  onr  knowledge  of  the  terrestrial  and  fluviatile  fauna  of 
any  period  is  derived  from,  the  apecimens  which  were  csrried  down 
the  streams  during  floods,  and  were  buried  in  the  estuarine  deposits 
at  the  mouths  of  lai^e  rivere. 

The  creatures  which  inhabit  the  sea  have  a  much  better  chance 
of  being  preserved  as  fossils,  since  deposits  of  one  kind  or  another 
are  constantly  being  formed  over  large  areas  of  the  sea-bottom, 
especially  where  subsidence  is  in  progress.  Yet  even  among  msjine 
forms  of  life  there  are  many  which  would  only  rarely  be  entombed  ; 
those  animals,  for  instance,  which  live  on  rocky  shores  and  in  clear 
water  would  not  be  preserved  except  where  deposits  of  limestone 
were  in  process  of  formation.  The  majority  of  the  creatures 
embedded  would  be  those  which  lived  on  sandy  and  muddy 
bottoms,  together  with  some  of  the  free -swimming  forms  which 
moved  through  the  water  above. 

Ijistly,  of  the  creatures  so  embedded  only  a  small  proportion 
wonld  nltimately  remain ;  those,  namely,  which  possessed  hard 
>  ^tort  and  Travel,  by  F.  C.  Selous,  1900,  p.  1G6. 
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structorw  capable  of  fosaUisation  after  tlie  aofter  parts  had  decayed 
and  disappeared.  The  following  table  ibows  at  a  glance  which 
kinds  of  animaU,  out  of  all  those  which  Uve  in  the  sea,  would  be 
likely  to  leave  memorials  behind  them  and  which  would  perish 
without  leaving  any  trace  of  their  existence. 


Bub-klngdonu. 

Protozoa, 
rorifera. 


PBrlihmblB  aroup«. 
FUgellata. 
InlUBoria. 
MyzospongiE. 
Ceratosnmgiie. 
Hjdroidft  (except 
S«rtularida). 


Echinoderma. 
Vermes. 
Anthropoda. 
Molluscoida. 


Alcjonaria  (some). 
Ctanophor*. 

f  Hirudluea. 
\01igochnta. 


OiDupi  With  Hud  Btnicti 

Foraminifera. 

Badiolsria. 

Silicispongue. 

Calciaponffue. 

Sertularida. 

(Hydrocoralliao. 
Oraptolitoida. 
Stroma  toporoidea. 
Modraporaris. 
Some  Alcyonaria. 

All  cluses. 
/Tabicola  and    the    h 
\      iawB  of  Nereida. 

Ail  classes. 

{Bryoioa. 
Brachiopoda. 
I  Lamellibranchia. 

1  Oastropoda  except  Nudibranohiata. 

I  Cephalopoda  except  some  Cuttle-Gah. 

v.^.t^.!-.  /  Teeth,  bones,  and 

verwDrata.  |     ^■^^  ^^^^  y^^  Tnoicata. 

But  although  all  the  classes  of  creatures  entered  in  the  second 
column  possess  hard  parts  which  are  capable  of  preservation,  it 
does  not  follow  that  these  are  always  preserved.  Their  conTersiou 
into  fossils  depends  partly  on  the  solidity  and  character  of  the 
substance  of  which  the  hard  parts  are  composed,  end  partly  on  the 
rapidity  with  which  the  remains  are  covered  up  and  embedded  in 
sedimenL  Lastly,  their  final  preservation  as  fossils  depends  upon 
the  oonditions  to  which  the  embedding  rock  ia  subsequently  ex- 
posed, upon  its  conservation  or  destmction. 

The  remains  of  those  creatures  which  live  in  deep  water  or  over 
deep  water,  tuch  as  many  Foraminifera,  Kadiolaria,  siliceous  sponges, 
and  pteropods,  have  such  delicate  tests  and  spicules  that  they  often 
fall  to  pieces  and  become  mere  debris  before  they  can  be  embedded 
in  sediment;  for  in  deep  water  the  accumulation  of  sediment  is 
usually  a  very  slow  process.  The  thin  shells  of  the  Kadiolaria 
and  the  Pteropoda  are  especially  liable  Ui  rapid  disintegration,  and 
consequently  they  are  rare  as  fossils,  although  they  are  known  to 
have  existed  from  very  early  times. 
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SiAstquent  Removal  of  Orgemie  Hemaim. — The  propordon  of 
tlioee  lemaim  which  would  otherwise  be  preserved  is  farther 
diminished  by  the  HubBequent  destruction  of  some  of  them 
by  the  action  of  percolating  water.  All  water  which  percolates 
downward  from  terrestrial  surfaces  contains  carbonic  acid,  and  such 
carbonated  water  attacks  and  diasolvea  carbonate  of  lime,  and  also 
that  form  of  silica  which  enters  into  organic  stracturea.  Hence 
all  Hiich  embedded  remains  are  liable  to  solution  end  removal 
under  certain  circumstances. 

So  long  as  the  deposit  containing  embedded  organisms  remains 
below  the  sea  in  which  it  was  formed,  it  is  probable  that  the 
changes  which  take  place  are  slight  and  gradual-  It  is  when  the 
foeeilifeTOUB  deposit  is  raised  above  the  level  of  the  sea  and  is 
added  to  the  dry  land  that  changes  are  apt  to  take  place.  Even 
then,  if  the  rock  baa  formed  part  of  a  thick  series  deposited  during 
a  long  period  of  subsidence,  and  has  remained  buried  beneath 
others  for  some  time  before  the  whole  mass  is  raised  to  form 
land,  most  of  the  fossils  in  it  are  likely  to  be  preserved,  for  the 
rock  becomes  conHolidat«d  and  remains  saturated  with  saline  water, 
which  probably  contains  as  much  carbonate  of  lime  aa  it  is  capable 
of  holding  in  solution  under  such  conditions.  Many  fossils  exhibit 
changes  of  structure  which  have  very  probably  been  effected  during 
upheaval  and  while  the  rock  was  in  a  water-soaked  condition  ; 
thus  the  substance  of  ehelte  is  frequently  converted  into  crystalline 
calcite,  and  in  other  cases  the  calcareous  shell  is  replaced  by 
chalcedonic  silica. 

Those  parts  of  a  formation,  however,  which  come  to  form  the 
surface  portions  of  newly-raised  land,  i^.  those  parts  which  are 
raised  above  the  lowest  summer  level  of  saturation,  are  subjected 
to  the  action  of  percolating  water,  with  the  result  that  many  shells 
are  dissolved,  leaving  only  the  hollows  in  which  they  lay.  These 
hollow  spaces  may  remain  empty  or  they  may  be  filled  subse- 
quently with  infiltrated  mineral  matter,  or  if  disturbances  take 
place  before  the  final  consolidation  of  the  rock,  the  internal  cast 
may  be  squeezed  on  to  the  external  impression  of  the  shell  and 
receive  an  impress  of  its  ornamentation.  In  any  of  these  cases 
some  record  of  the  original  organism  remains,  but  if  the  rock 
material  is  a  loose  sand  or  other  very  soft  kind  of  sediment  all 
trace  of  the  organism  may  be  destroyed. 

With  regard  to  the  durability  of  the  original  shell  much 
depends  on  its  original  mineral  composition.  In  some  shells  and 
tests  the  carbonate  of  lime  consists  of  the  variety  known  as  ealciie, 
while  in  others  it  has  the  stmctiire  of  arragoniU,  and  it  is  a  well- 
aacertained  fact  that  anagonite  is  much  less  stable  than  calcite. 
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It  waa  pointed  out  hy  Mr.  Sorby'  that  shells  composed  of 
UTSgoniU  disappeared  much  faster  than  the  calcite  sh^Is  when 
both  were  exposed  to  carbonated  waters,  and  he  pointed  out  that 
the  creatures  which  possess  hard  calcareoaa  structures  can  be 
separated  into  two  seta  according  to  t)ie  nature  of  the  calcareous 
substance.     These  two  sets  may  be  tabulated  as  follows : — 

Culcltls  Stnlctum.  Armgoollfi  Stmctures. 

ForamiDifera.  Calcareous  sponges. 

Echinodermata.  Actinozoa  (corala,  etc) 

Annelida.  Lamelltbranchia    (except    Oj^ters, 

Most  Uryozoa.  Pectcua,  and  tlie  outer  lajer  of 

Braehiopoda.  SpondyluB,  Finns,  and  Mytiius. 

Oysters  and  Pectens.  Gaatropoda  (with  a  few  eicsptioDs]. 

Crnstacea.  Cephalopoda- 

Professor  F.  F.  Kendall  has  also  made  obserrations  and  experiments 
which  confirm  those  of  Mr.  Sorby.^  He  lias  pointed  out  that  in  the 
Coralline  Crag  of  Aldahurgb  some  fossils  remain  perfect,  while  of 
others  there  are  onlj  casta,  and  that  the  casts  are  without  exception 
of  arragonite  shells,  while  the  former  are  calcitic  structures,  such 
as  Bryo2oa,  Ecliinoderms,  Serpulse,  Braehiopoda,  and  the  bivalve 
Molluscan  genera,  Anomia,  Oitrea,  PecUn,  Lima,  and  Pinna ;  with 
the  latter,  however,  occurred  the  Gastropod  shell  SaUaria,  which  he 
thought  must  be  calcitic,  an  inference  which  subsequent  experiment 
proved  to  he  correct. 

DtitrVfCliim  of  Foailiferont  Deposit!. — There  is  another  set  of 
agencies  which  contribute  to  render  the  geological  record  a  vary 
imperfect  one.  When,  any  mass  of  marine  deposit  is  raised  into 
land,  there  is  not  only  an  absence  of  deposition,  but  there  commences 
an  actual  destruction  of  the  records  previously  accumulated.  In 
the  first  place,  as  the  rising  deposit  posses  throiigli  the  plane  of  the 
sea-kvel,  it  is  exposed  di  the  erosion  of  the  waves,  and  if  the  latest 
deposits  are  not  very  thick,  and  the  process  of  elevation  is  not 
very  rapid,  the  probability  is  that  only  small  portions  will  escape 
destruction.  These  portions  will  remain  for  a  time  as  plains,  marsh 
lands,  and  raised  beaches  ;  but  as  elevation  continues,  they  will  be 
brought  gradually  under  the  influence  of  atmospheric  agencies, 
and  exposed  to  continual  wear  and  tear  so  long  as  they  remain 
above  the  sea. 

It  follows,  therefore,  that  only  deposits  of  considerable  thickness 
will  survive  the  attacks  of  destructive  agencies,  and  remain  to  form 
a  permanent  part  of  the  earth's  crast,  bnt  thick  deposits  cannot 
he  accumulated  in  shallow  seas,  mAicA  art  the  mo»t  favourable  to  life, 
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so  long  OB  the  eea-bed  remainE  Etationaiy  or  b  being  elevated. 
Thick  focmationa  can  only  be  accumulated  in  areas  where  constant 
subsidence  has  been  in  progress,  or  where  the  shore  originally 
shelved  rapidly  into  deep  vater,  as  off  the  coast  of  the  Riviera. 
In  the  latter  cose  the  aliment  will  be  rapidly  accumulated,  and 
will  not  contain  so  many  or  such  varied  forms  of  life ;  but  under 
the  former  conditions,  if  the  aupply  of  sediment  wae  sufficient  to 
keep  the  sea  shallow  and  to  embed  the  organic  remains,  a  formation 
rich  in  foBdls,  and  thick  enough,  when  upraised,  to  resist  erosion, 
would  be  formed.  We  must,  therefore,  conclude  with  Darwin, 
"  that  nearly  all  our  ancient  formations,  which  are  throughout  the 
greater  part  of  their  thickness  rich  infoirile,  have  thus  been  formed 
during  subsidence."  ^ 

This  conclusion  that  most  of  our  great  fossil-bearing  formations 
have  been  deposited  during  aubsidence  has  a  very  important  bearing 
on  the  question  before  ue,  viz.  whether  the  rocks  are  likely  to  con- 
tain the  remains  of  an  uninterrupted  Buccesaion  of  species,  or  whether 
the  record  is  more  or  leas  incomplete ;  for,  as  Darwin  remarks  : — 

"  During  periods  of  elevation  the  area  of  the  land  and  of  the 
adjoining  shoal  parts  of  the  sea  will  be  increased,  and  new  stations 
will  often  be  formed — all  circumstances  favourable,  as  previously 
explained,  for  the  formation  of  new  varieties  and  species;  but 
daring  such  periods  there  will  generally  be  a  blank  in  t)ie 
geological  record.  On  the  other  hand,  during  subsidence  the 
inhabited  area  and  number  of  inhabitants  will  decrease  (excepting 
on  the  shores  of  a  continent  when  first  broken  up  into  an  archi- 
pelago), and  consequently  during  subsidence,  though  there  will  be 
much  extinction,  few  new  varieties  or  species  will  be  formed ; 
and  it  is  during  these  very  periods  of  subsidence  that  the  deposits 
which  are  richest  in  fossils  have  been  accumtilated."  ^ 

Suooeaaion  of  Llfe-ibnnB. — Prom  the  considerations  above 
mentioned  it  will  be  seen  that  we  cannot  expect  to  find  all  the 
transitional  forms  which,  if  the  theory  of  evolution  be  correct, 
must  have  connected  one  species  with  another,  and  have  linked 
together  all  the  past  and  present  species  of  any  one  genus  into 
one  long  chain  of  life.  All  that  we  can  hope  to  find  are  certain 
coses  where  so  large  a  number  of  closely-allied  species  and  varieties 
have  been  preserved  as  to  furnish  us  with  strong  evidence  of  tbeir 
having  been  links  in  such  a  chain. 

There  are,  moreover,  two  well-established  generalisations  from 

paheontological  facts  which  lead  to  a  very  significant  inference  ; 

these  considerations  are  (1)  that  the  assemblage  of  fossils  found  in 

'  Origin  <s 
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any  formation  has  a  genenl  character  intermediate  between  the 
assemblages  above  and  below  ;  and  (S)  that  the  fossils  from  two 
consecutive  formations  ore  far  more  doeelf  related  to  each  other 
than  tlie  fossils  from  two  more  remote  forraations.  Commenting 
on  these  Darwin  observes : '  "  On  the  theory  of  descent,  the  full 
meaning  of  the  fossil  remains  from  closely  consecutive  formations 
being  closely  related,  though  ranked  as  distinct  species,  is  obvious. 
As  the  accumulation  of  each  formation  has  often  been  interrupted, 
we  ouglit  not  to  expect  to  find  in  any  one,  oi  in  any  two,  formations 
all  the  intermediate  varieties  between  the  species  which  occurred 
at  the  commencement  and  the  close  of  those  formations  ;  but  we 
ought  to  find,  after  intervals  very  long  as  measured  by  years,  but 
only  moderately  long  aa  measured  geologically,  closely  allied 
fonns,  or,  as  they  have  been  called  by  aoma  authors,  representative 
species  ;  and  these  assuredly  we  do  find.  We  find,  in  short,  such 
evidence  of  the  alow  and  scarcely  sensible  mutations  of  specific 
forms  as  we  have  the  right  to  expect." 

In  spite,  therefore,  of  the  imperfection  of  the  record,  the  known 
succession  of  life-forms  does  give  very  great  support  to  the  theory 
of  evolution.  Every  succeeding  fossil  assemblage  contains  not 
only  a  larger  number  and  greater  variety  of  forms,  but  also  some 
which  are  distinctly  more  specialised  and  more  advanced  in 
organisation.  It  is  an  acknowledged  fact  that  many  of  the  more 
ancient  forms  of  life  were  what  are  termed  "comprehensive  types," 
i.e.  types  which  combine  the  structural  characters  of  two  or  more 
different  orders  or  classes  of  creatures,  which  are  now  completely 
differentiated  from  each  other.  In  many  cases  also  ancient  animals 
resemble  the  embryos  of  the  more  recent  animals  belonging  to  the 
same  classes. 

Beyond  all  this  there  can  be  traced  a  distinct  and  decided 
progress  in  the  types  of  life  as  we  ascend  the  geological  scale. 
It  is  true  that  in  the  earliest  fauna  yet  known  we  sUrt  with  a 
numl«r  of  more  or  less  specialised  invertebrate  types,  but  the 
more  highly  organised  orders  of  Uastropotls,  Cepbalopods,  Crustacea, 
and  Echinoderms  do  not  appear  till  later  periods ;  Fish  are  not 
known  earlier  than  Silurian  times  ;  Amphibia  commence  in  the 
Carboniferous  ;  Reptiles  in  the  Permian  and  Trias ;  Birds  in  the 
Jurassic ;  Mammals  of  low  organisation  in  the  Trias ;  higher 
Mammals,  including  Lemurs,  appear  in  the  Eocene,  but  true 
monkeys  are  not  yet  known  from  beds  of  greater  age  than  the 
Miocene. 

'  Op.  cil.  sixth  ediUoB,  p.  S07. 
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CHAPTER  m 

THE  CLASSIFICATION   OF  ROCK-GROUPS 

Ab  Boon  OB  it  was  recognised  that  tbe  rocks  which  compote  the 
earth's  cruat  were  not  a  mere  congeries  of  rock-masBe«  without 
order  or  sequence,  but  that  when  properly  interpreted  they 
arranged  themselves  in  an  orderly  BUCCeaBion  of  formations,  then  it 
was  seen  to  be  necessary  that  names  should  be  given  to  all  parts  of 
this  wonderful  succession  of  stratified  deposits. 

The  history  which  can  be  read  from  the  "  records  of  the  rocks  " 
IB  a  very  long  one,  although,  aa  haa  already  heen  stated,  it  is  by  no 
means  a  complete  history.  Every  natural  region  of  the  earth's 
surface  has  its  own  geological  history,  but  the  same  great  periods 
of  time  can  be  recognised  in  all.  Geological  history,  like  human 
history,  has  its  early  or  pristine  times,  its  medifeval  times,  and  iu 
later  or  more  modem  times  ;  it  may  perhaps  be  said  to  conaiat  of 
leveral  Tolnmes,  and  of  course  each  of  these  volumes  coDsista  of 
BeTcral  chapters  dealing  with  bq  many  aaccesaive  periods. 

Stratigraphioal  nomenclature  is  not  very  Bstisfactcry,  for  it  has 
been  gradually  developed  in  a  synthetic  manner,  and  is  not  the 
coaBiBtent  and  harmonious  arrangement  which  it  might  have  been 
had  the  older  geologists  poaaessed  our  present  knowledge  of  the 
rocks.  In  early  days  the  greater  rock-groupa  were  gener^y  called 
formation);  thus  we  read  of  the  Old  Red  Sandstone  formation,  the 
New  Eed  Sandstone  formation,  the  Carboniferous  formation,  and 
the  Chalk  formation.  Afterwards,  as  a  knowledge  of  their  fossil 
contents  increased,  the  relative  time-valuea  of  these  formations  were 
better  understood,  and  some  of  them  were  united  with  others  to 
form  systems  ;  but  the  number  of  auch  systems  was  not  fixed,  nor 
did  any  definite  idea  eiiat  as  to  what  entitled  a  aeries  of  rocks  to 
rank  as  a  system.  There  iB  still  some  difference  of  opinion  on  this 
point,  but  doubtless  agreement  will  ultimately  be  attained. 

It  was  also  early  perceived  chat  the  older  formations  differed 
very  greatly  from  the  later  deposits  both  in  mineral  characters  and 
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in  fossil  contents.  It  was  noticed  that  the  oldest  rocks  were 
generally  crystalline  schista,  that  the  next  oldest  were  more  or 
less  altered  and  indurated,  while  the  later  were  often  soft  and 
clearly  stratified,  and  the  most  recent  were  usually  loose  and 
ancoQSolidated.  Hence  Werner  in  Qermany  used  naniea  which 
may  be  translated  as  equivalent  to  primitive,  transilion,  stratijied, 
and  allavial  rocks,  and  the  French  introduced  the  more  convenient 
terms  Priiaarij,  Secondary,  and  Tertiary  divisions. 

It  was  supposed  that  the  rocks  belonging  to  these  eras  of  time 
differed  essentially  in  their  original  nature  and  mode  of  formation. 
Subsequent  investigation  proved  this  idea  tA  be  an  error,  and  Pro- 
fessor Phillips  consequently  proposed  another  set  of  names  for  the 
eras  baaed  on  palwontological  facta,  namely,  PaltoKoic,  Meiozoic,  and 
Cmnoanc,  signifying  respectively  times  of  ancient,  middle,  and 
recent  life.  The  two  former  of  these  have  been  very  generally 
adopted,  but  Tertiary  is  atill  preferred  to  Csnozoic,  and  there  is 
no  reason  now  why  its  correlatives.  Primary  and  Secondary,  should 
not  be  employed  as  time-words,  instead  of  the  more  cumbrous 
Folieozoic  and  Mesozoic. 

Professor  E.  Forbes  thought  that  the  faunas  of  the  Secondary 
and  Tertiary  had  so  great  an  affinity  that  the  whole  auccesaion  was 
more  naturally  divisible  into  two  eras,  which  he  termed  Falieozoic 
and  Neozoic  No  doubt  this  is  strictly  correct,  but  the  triple 
division  has  been  found  very  convenient  iu  Europe,  and  is  more 
generally  adopted. 

Since  these  terms  were  proposed,  however,  a  series  of  stratified 
rocks  have  been  discovered  below  those  which  were  called  Primary 
or  Pala^zoic,  and  for  these  several  names  have  been  proposed.  Of 
these  Fre-Cambrian  is  the  best,  for  Arclusan  has  been  used  in  a 
restricted  sense,  and  the  others,  Azoic  and  Eozoic,  are  founded  on 
the  respective  assumptions  (1)  that  they  contain  no  organic  remains, 
(2)  that  they  contain  the  relics  of  the  first  dawn  of  life  in  the 
world.  Such  small  traces  of  life  as  have  been  discovered  in  these 
rocks  do  nut  suggest  anything  very  different  from  that  of  Palsozoic 
time,  but  they  may  for  the  present  be  termed  Pre-Cambrian  or 
Eozoic' 

In  the  foUowii^  table  of  systems  the  oldest  is  placed  at  the 
bottom  and  the  newest  at  the  top  to  indicate  their  natural  super- 
position and  order  in  the  chronological  scale. 

'  Professor  Lapworth  divides  tlie  PalBOZoio  series  into  an  elder  and  n  newer 
division,  which  he  terms  rrolozoic  and  Deutotoic  respectively,  lint  if  these 
names  ore  naed,  the  Secondary  em  should  become  the  TriUitoie  and  the  Tertiary 
the  Teiartiaoic.  The  term  Qoateniuy  I  regard  as  superfluous  and  misleading, 
and  it  will  not  be  nsed  in  this  book. 
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and  Miocflt.e 

Tertiary  o 

Ctenoioio 

01igoc«De  and  EoMOe 

K 

Cretaceoiia 

|. 

Jurassic 

Secondary 

or  Mesoioic 

Tiiosaic 

Femliau 

DevonUn  <uid  Old  Eed 

Sandstone 

Primaryo 

Palieozoio. 

Silnrian 

Cambrian 

Urii^nUn 

TorridoaiaD 

Le«isiaii 

Pre-Cambrian  or  Eoioic 

Nomenclature. — With  regard  to  the  names  of  the  ayBtema 
in  the  above  table  some  explanation  is  required.  Such  names  as 
Old  Red  SandstJiiie,  Carboniferoua,  and  Cretaceaua  axe  used  in  a, 
far  wider  sense  than  their  mere  lithological  signification.  These 
names  were  originally  given  to  certain  British  forniatious,  in  which 
the  most  conspicuous  elements  were  respectively  red  saadstone, 
beds  of  coal,  and  chalk ;  but  they  have  since  acquired  a  chrono- 
logical meaning,  and  are  used  as  systematic  names  for  the  periods 
of  time  during  which  the  rocks  were  formed.  Some  of  theui  have 
also  been  adopted  in  other  countries  for  rock-groups,  which  occupy 
the  same  relative  place  in  the  geological,  auccesgion. 

The  Cretaceous  system  than  includes,  not  only  the  Chalk,  but 
aJao  the  beds  of  sand  and  clay  which  underlie  it,  and  contain  a 
eimiliir  assemblage  of  genera  and  species.  Moreover,  the  Cretaceous 
system  includes  not  only  the  Clialk  and  its  associated  beds  in 
Europe,  but  all  the  rocks  which  were  formed  during  the  same 
period  of  the  earth's  histfiry.  Elsewhere,  therefore,  as  in  North 
America,  the  system  may  consist  of  sandstones,  shales,  and  coal- 
seams  without  a  bed  of  real  chalk  in  it. 

So  the  Carboniferous  system  means  that  system  of  strata  of 
which  the  Bntuh  Coal-measures  foriu  an  integral  part,  but  which 
includes  several  other  rock-groups,  all  united  by  a  community  of 
fossils.  It  is  these  fosails,  and  not  the  occurrence  of  coal-seams, 
which  are  the  criterion  of  the  so-called  Carboniferous  period,  for, 
aa  above  mentioned,  in  America  there  are  coals  of  Cretaceous  age. 
In  the  same  way,  when  we  speak  of  the  Carboniferous  Limestone 
euies,  we  do  not  mean  a  gionp  which  everywhere  consists  of  lime- 
stone, but  one  to  which  the  great  Carboniferous  Limestone  belongs^ 
when  troced  northward  through  England,  this  limestone  is  found 
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to  split  up  into  separate  beds,  which  finally  become  sQbordiimte  to 
thick  masaes  of  gandatone  and  shale. 

The  Old  Red  Sandstone  is  a  particularly  awkward  and  unsatis- 
factory name  for  an  important  groap  of  rocks.  It  is  sappoeed  to  be  the 
freshwater  or  estuarlne  equivalent  of  the  Devoniau,  and  was  origin- 
aUy  applied  to  a  aeries  iu  -which  red  sandstones  predominated,  and 
waa  called  old  because  it  lay  beneath  the  Carboniferous  rocks,  above 
which  came  another  group  of  similar  red  sandstonea.  The  latter 
were  formerly  termed  New  Red  Sandstone,  but  this  name  baa 
been  superseded  by  a  less  . cumbrous  nomenclature,  and  it  is  to  be 
hoped  that  "Old  Red  Sandstone"  also  will  soon  be  replaced  bj  a 
better  name.  Ab  Jukee  observed  forty  years  ago,'  "  it  is  avowedly 
a  provisional  designation,  just  exactly  as  the  names  of  all  the  great 
groups  of  stratified  rocks  are  provisionaL  They  are  temporary  names 
adopted  for  present  purposes,  and  have  grown  into  use,  and  will 
continue  to  be  used  until  they  are  superseded  by  more  appropriate 
terms,  which  increasing  knowledge  only  can  show  to  be  more 
appropriate." 

In  many  respects  those  names  which  have  a  geographical  or 
historical  origin  are  the  moat  satisfactory — names  taken  from  those 
of  towns,  rivers,  mountain  ranges,  provinces,  or  the  ancient  races 
which  inhabited  such  provinces  ;  as  Jurassic  (from  the  Jura  range), 
Devonian  (from  the  county  of  Devon),  Cambrian  (from  the  Roman 
name  of  North  Wales),  Silurian  (from  the  tribe  of  the  Silures). 
These  will  probably  remain  as  permanent  names  for  systems  to 
which  they  are  applied. 

Definition  and  Dellniltation  of  Syatems. — The  number 
of  systems  into  which  the  geological  series  should  be  divided,  and 
the  horizons  at  which  the  planes  of  separation  are  placed,  are  points 
requiring  some  consideration,  because  they  involve  certain  principles 
of  classification.  The  divisional  lines  are  generally  drawn  where 
natural  breaks  occur,  either  in  the  sequence  of  the  strata  themselves, 
or  in  the  succession  of  fossil  species  which  they  contain.  Such 
breaks  are  therefore  of  two  kinds,  (1)  Stratigraphical,  (2)  Palteonto- 
logicaL 

1.  Stralitp-aphical  Break*, — The  nature  of  stratigraphical  breaks 
or  unconformities  is  eiplnined  in  all  handbooks  of  physical  geology, 
and  in  the  present  connection  we  have  to  deal  only  with  their 
relative  importance  and  value  in  classification.  The  most  complete 
and  satisfactory  measure  of  any  unconformity  is  the  thickness  of 
strata  which  were  deposited  in  other  areas  during  the  time  repre- 
sented by  the  gap  between  the  two  unconformable  formations. 

It  is  not  every  unconformity  which  is  of  sufficient  importance 
'  ifaniuU  Iff  Otology,  second  edition,  1S62,  p.  i'ii. 
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to  form  a  plane  of  division  between  two  systems.  Thus  there  is 
unconforniitj  in  England  between  the  two  diTiBions  of  the  Triasaic 
system,  and  there  is  an  unconfarmity  between  the  Inferior  Oolite 
and  the  Great  Oolite  series  in  Liacolnshire ;  but  in  each  case  the 
beds  above  and  below  the  break  are  included  in  the  same  system  on 
paleeontalogical  grounda. 

A  break  which  is  represented  elsewhere  by  several  thousand 
feet  of  rock  implies  the  lapse  of  a  considerable  period,  and  being 
always  accompanied  by  a  great  change  in  the  Tossils,  might  he  taken 
as  a  line  of  division  between  two  Eyalems.  But  if  systems  were  to 
be  rigidly  limited  by  physical  unconformities,  and  defined  as  a 
series  of  beds  formed  during  a  complete  oscillation  of  downward 
and  upward  movement,  the  classification  of  the  rocks  in  one  area 
will  break  down  when  applied  to  those  of  other  districts,  because 
the  gaps  will  occur  at  different  horizons  in  different  areas.  Thus 
in  Britain  alone  three  different  classilications  at  least  would  be 
required  for  the  Primary  rocks,  as  the  following  columns  will  show, 
a being  taken  to  mean  a  break  or  unconformity. 

Wb1«.  ScotbuiiJ.  Irelajid. 

Carboniferous.  Carboniferous.  Carboniferous. ' 

Upper  O.R.S.  Upper  O.R,S.  Upper  O.R.S. 

MlddUO.R.8.  ~ 

Lower  0,E.S.  Lower  O.R.S.  '■•"<"'■■  nn  a 

Silurian.  Silarian. 

OrdovLcian.  Ordovician. 

Cambrian.  Cambrisu. 

Thus,  if  we  adopted  the  arrangement  warranted  by  the  strati- 
graphical  breaks  which  occur  in  Wales,  we  should  have  two  separate 
systems,  and  two  only,  for  there  is  a  general  conformity  between 
the  Cambrian  and  Ordovician,  and  from  the  Silurian  to  the 
Carboniferous.  In  Scotland,  however,  there  are  two  breaks,  one 
between  the  Cambrian  and  Ordovician,  and  another  between  the 
two  members  of  the  Old  Eed  Sandstone,  so  that  we  should  be 
obliged  to  recognise  three  separate  systems.  Again,  if  we  pass 
into  Ireland,  we  find  no  leas  than  three  breaks  in  different  parta 
of  the  country,  which  would  involve  a  farther  remodelling  of  the 
classification. 

As  in  this  case,  so  also  in  others,  a  classiScation  founded  on 
physical  breaks  may  be  conveniently  used  for  a  limited  district, 
and  until  further  knowledge  ia  acqaired ;  but  the  breaks  in  the, 
succession  are  certain  to  be  filled  up  elsewhere  by  transitional  beds, 
and  as  these  may  be  of  systematic  value,  we  must  always  be 
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prepared  for  the  possible  intercalation  of  another  aystem  between 
any  two  groups  that  are  divided  by  a  decided  unoonfornvily.' 

In  brief,  it  must  be  admitted  that  unconformities  are  yeological 
aecidmU,  and  if  our  classification  and  nomenclature  are  t«  be 
applicable  to  any  large  aection  of  the  earth's  cruat,  they  niUBl  be 
luued,  not  on  Btratigraphical,  but  on  palieontological  facU.  The 
Ordovician,  Devonian,  and  Jurassic  ore  syetema  so  entablished  ;  and, 
in  process  of  time,  aa  our  knowledge  becomes  more  and  more 
complete,  it  is  probable  that  the  number  of  syateins  will  be  finally 
determined  in  the  same  manner.  They  will  always  be  more  or  less 
arbitrary  divisions,  since  it  will  be  difficult  to  say  what  number  of 
peculiar  genera  would  entitle  a  series  of  beds  to  the  rank  of  a 
system  ;  but  a  general  agreement  will  doubtleas  be  reached  in  tinii:, 
MeanwhUe  the  student  will  do  well  to  regard  our  present  classificn- 
tion  as  proviaional,  and  to  remeniber  that,  though  divisional  lines 
most  be  drawn  somewhere,  passage  beds  and  trausition  groups  are 
of  frequent  occurrence  in  nature. 

S.  Palaonlological  Evidmee. — ^But  although  we  must  rely  mainly 
on  palfeontologtcal  evidence  in  separating  one  system  from  another,  it 
must  not  be  supposed  that  every  sudden  change  of  fauna  is  to  be 
taken'aa  introducing  a  new  system,  or  that  such  a  change  always 
indicates  a  period  of  non-deposition,  and  therefore  a  gi'eater  or  less 
break  in  the  auccesalon  ;  unless  this  coincides  with  a  physical  break 
or  unconformity,  the  mere  fact  of  such  a  change  does  not  necessarily 
prove  any  great  lapse  of  time.  The  change  may  he  caused  in 
several  ways,  either  by  rapid  depression,  by  a  sudJtn  immigration 
of  new  forms,  or  by  elevation  with  or  without  continuous  deposition. 

It  is  conceivable,  for  instance,  that  rapid  depression,  causinji;  a 
considerable  increase  in  the  depth  of  the  water,  and  reiiiovinj;  the 
area  farther  away  from  the  coast  line,  would  produce  what  has  been 
termed  a  palsMntological  break  in  a  comparatively  short  period  of 
time,  and  without  any  discontinuity  of  deposit.  The  beds  below  a 
certain  plane  would  embed  the  remains  of  a  shore  fauna,  while 
those  above  it  would  contain  a  deep-water  assemblage,  which  might 
be  very  different  even  if  the  deposits  were  of  similai-  lithological 
character.  Depression,  by  the  submergence  of  barriers,  may  also 
cause  much  niore  extensive  changes ;  we  have  only  to  consider 
what  would  result  from  the  submergence  of  certain  existent 
isthmuses,  such  as  those  of  Panama  and  Suez,  to  realise  what  must 
have  repeatedly  happened  in  the  past.  The  balance  of  life  in  both 
provinces  would  be  altogether  disturbed  and  upset,  resulting  in  the 

'  The  student  ewi  read  with  advantage  Professor  Lapworth'a  article  on 
the  "Classification  ottiie  Lower  Palsozoic  Bocks"  ia  iht  Oeoliyictd  Magaane, 
Dec.  2.  voL  vt  p.  1  (1879). 
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extinction  of  some  forma,  the  intermigTation  of  others,  and  the 
development  of  some  new  varieties  and  speciea. 

Moreover,  an  alteration  in  the  physical  geography  of  one  area 
may  indirectly,  but  very  greatly,  affect  the  climate  and  life  of 
another  distant  area  ;  thus,  if  the  isthniua  of  Panama  were  now  to 
be  submerged,  the  Gulf  Stream  would  probably  be  diverted  from  its 
present  course,  and  the  lesult  would  be  an  immediate  refrigeration 
of  the  British  climate  and  a  consequent  immigratioB  of  Boreal  and 
Arctic  species  into  the  Celtic  province.  Conversely,  if  after  some 
length  of  time  the  barrier  were  again  upraised,  and  the  warm 
current  again  deflected  into  its  present  course,  the  climate  would  be 
ameliorated.  Boreal  forms  would  disappear,  and  a  more  southern 
aaaeniblage  would  once  more  occupy  the  area. 

Elevation  of  the  sea-bottom  will  produce  similar  direct  chauges 
to  thoee  caused  by  depression  ;  a  deep-sea  area,  where  deposition 
has  been  very  alow,  may  by  elevation  be  brought  nearer  to  a  coast 
line,  and  beds  containing  a  deep-sea  fauna  may  be  succeeded 
immediately  by  others  more  rapidly  accumulated,  and  embedding 
a  shallow  water  assemblage.  The  change  of  life  in  such  a  caae 
would  be  great,  but  the  lapse  of  time  would  not  be  correspondingly 
long.  If,  however,  elevation  is  continued  till  the  area  is  raised 
above  tbe  sea-Ievel,  and  remains  for  a  time  as  a  land  surface,  then  a 
plane  of  erosion  will  be  formed,  and  the  change  of  fauna  will  be 
accompanied  by  atratigraphical  diacontinviity.  The  break  then  may 
be  very  considerable,  but  it  may  or  may  not  coincide  with  the  epoch  of 
change  from  one  fauna  to  another  in  an  adjacent  area  of  subsidence. 

Notwithstanding  this,  it  is  true  that  the  continuity  of  deposition 
may  outlast  tbe  duration  of  a  certain  fauna ;  and  it  may  become 
necessary  to  draw  a  line  between  two  faunaa  of  systematic 
importance  in  tlie  midst  of  a  conformable  series  of  strata ;  in  such 
a  case  it  will  naturally  be  drawn  where  the  greatest  palsontological 
break  occura  In  other  words,  a  life-sBsembl^,  characteristic  of 
one  period  in  the  world's  history,  may  continue  to  inhabit  any  area 
until  such  changes  occur  as  to  cause  the  introduction  of  an  assem- 
blage which  has  been  gradually  developed  outside  that  area,  and 
these  changes  may  take  place  with  or  without  interruption  of 
deposition  in  that  particular  area. 

From  the  precedi)^  remarks  it  will  be  seen  that  it  is  impoaaible 
to  define  a  system  as  a  series  of  depoeita  formed  during  one 
complete  downward  and  upward  movement  or  oscillation  of  some 
one  part  of  tbe  earth's  surface.  Moreover,  if  we  could  so  define  a 
system,  the  systems  of  one  region  could  not  be  coeval  with  those  of 
other  r^ons.  Systems  must  therefore  have  a  palceontological 
value,  and  a  system   may  perhaps  he  defined  as  a  consecutive 
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serisB  gf  etrota  formed  during  the  prevalence  of  certain  generic 
forms  of  life  throughout  &  large  part  of  the  earth'a  aurface. 

The  student  must  be  prepared  to  find  that  sjetema  founded 
on  the  differences  in  successive  faimaa  will  not  include  anything 
like  equal  thickneBses  of  rock.  If,  as  appears  most  probable,  the 
differentiation  of  species  and  the  development  of  higher  forms  has 
progressed  in  a  conatantlj  increasing  ratio,  it  is  clear  that  the  tinie- 
value  of  syetema  based  on  such  changes  will  become  leas  and  less 
as  we  approach  modem  times.  It  is  certainly  a  fact  that  the 
same  forms  of  life  extend  through  a  much  greater  thickness  of 
rock  in  the  earlier  than  in  later  geological  times  ;  and  tliere  is 
no  reason  for  supposing  that  the  production  of  rocks  went  on 
more  rapidly  (at  any  rate  during  later  Palaeoioic  periods)  than  at 
the  present  time ;  limestones  must  always  have  been  of  slow  and 
gradual  growth,  and  yet  the  persistence  of  species  through  the 
Carboniferous  Limestone  aeries  is  truly  remarkable,  while  the 
limestones  of  the  Jurnsaic  and  Cretaceous  periods,  though  of  far 
less  thickness,  are  divisible  into  numerous  palesontolc^cal  zones 
or  belts,  each  having  many  species  which  do  not  appear  in  the 
next  The  changes  in  the  forms  of  life  inhabiting  any  marine 
area  being  thus  more  rapid  in  later  geological  times,  an  equal 
amount  of  change  would  naturally  be  accomplished  in  less  time, 
and  consequently,  if  ayatems  are  to  be  measured  by  palceontological 
difference,  the  newer  systems  must  include  lesa  thickneaaes  of  rock. 

But  even  when  allowance  is  made  for  this,  it  is  impossible  to 
regard  the  di^dsiona  of  Tertiary  time  introduced  by  Sir  Ch.  Lyell 
and  given  on  p.  S  as  being  of  the  same  relative  importance  as  the 
systems  of  older  date  with  whicK  they  are  usually  ranked.  Even 
the  Eocene,  as  understood  by  Lyell,  was  not  of  the  same  palteonto- 
l(^cal  value  as  Cretaceous  or  Silurian,  while  the  Miocene  and 
Pliocene  are  still  less  entitled  to  rank  with  such  systema  The 
Oligocene  has  been  created  at  the  expense  of  Lyell's  Eocene,  but 
it  is  now  admitted  that  these  two  together  form  a  group  which 
may  rank  as  a  system,  while  the  remaining  tliree  groups,  Miocene, 
Pliocene,  and  Pleistocene,  may  be  regarded  as  making  up  another 
system  of  deposits.  For  these  two  aystema  M,  Hohnea  has  proposed 
the  names  Palaogene  and  Neogeiie,  and  though  they  are  not  altogether 
satisfactory  the  names  have  been  largely  accepted  on  the  European 
continent. 

Systems  are  divided  into  sections  or  formations,  which  are 
usually  denominated  as  Upper,  Middle,  and  Lower,  unless  any 
special  names  have  been  proposed  for  them.  These  sections  are 
again  divided  into  stages  or  groups,  to  which  local  names  are 
generally  given,  and  these  again  are  often  divisible  into  zones. 
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The  foUovii^  ia  a  tabalar  view  of  the  twelve  fosailifeToiu 
Bjstema  which  overlie  the  Pte-Cambrian  rocka,  together  with  their 
Bubdirisioiu  of  the  fint  and  lecond  order,  according  to  the  nomen- 
clature which  will  be  adopted  in  this  volume ;  the  steges  are  mainlj 
those  of  the  BritiBh  succeauoti. 

TABCLiK  ViBW  OP  THE  SnccEBsioN  OF  Strata  in  Eokopb 

SjaWnu.  Frlnurr  Dlillloni.  Qroapa  or  Stagei. 

r  i  Recent  DepOBlta. 

J  VaJIey  Bod  Cave  Deposita. 
I  OlacLal  Depoaita. 

(Cromer  Beds. 
Norwich  Crag. 
Red  Crag. 
Coralliua  Crag. 
NoDB  In  Britain. 

!  Upper  (vanting  In  Britain]. 
Middle,  Humatead  Aad  Bembridgg  Bed*. 
Lown-,  Heddon  Beda. 
Upper,  Barton  and  BrBcklesliam  Beda. 
Lower,  BogHbot  Bands,  London  Clajr ,  etc 
{Upper  Cbalk  (Seaooiui). 
Middle  Chalk  (Turonian). 
Lower  Chalk  (Ceaomanian). 
Oault,  etc.  (Selbomian). 
/Lower  Oreenaand  (Vectian). 
iWealden  and  Nsocomian. 
f  PuTbeck  and  Portland  Beda. 
\  Kimeridge  Clay. 
I  Conltiaji  and  Oxford  Clay. 
/Great  Oolite  Group, 
\  Inferior  Oolite  Group. 
(  Upper  Liaa. 
\  Middle  Lias. 
I  Lower  Lias. 
/New  Bed  Marls. 

Absent  in  Britain. 

(Upper  Sandstone. 
Pebble  Beda. 
Lower  aandstone. 
Mngnesian  Limestone  (Zectistein). 
Red  Sandstonea  (Rothliegende). 
JCoaJ-Meaaureaj    ,^1^  Limestouea. 
-J  MiUatone  Gnt/ 
iPendleaideOronp. 
f  Carboniteroua  Limestone  (Beniician). 
(  Shalea  and  Bindstonea  (Tuedian). 
/  Famennlao. 
l_Fraanian. 
fGivetian. 
JEifelian. 

{Cobleniian. 
Qedinniao. 


JEbufbb  . 

j  MCBOKKEALX 
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rrlmuT  Dlvialona.  aronpa  or  8UcM 

fLuDU>»0.oi,pf  ""»' !-"';"  Sf 

I  ILower  Lvidlow  Beds. 

J  WbSLOck  f  Wenlock  Limestona. 

"j     Group         .  XWenlock  Shale. 

I  Llakdovxst      /TirBnnDn  Shales. 
V     Qboup  .         .  \  Llanciovery  Beds. 

(Baij  9RHIFB      /Upper  Bala  and  AshsiU  B 
BALASERIEB    ■  |  Lo„r  Bala  and  Caradoc  1 
LlaSDBILO         /Upper  Llandeilo. 
Skrieh         .  t  Lower  Llandeilo. 
(Upper  Arenig. 
Arbxio  3brieb  -I  Middle  Arenig. 
|_ Lower  Arenig. 
fTremadoc  Slates. 
Dolgelly  Beda. 
Pfeatiniog  Beds. 
MaeDtrog  Beds. 
/Meaeiian  Bedi. 
■  \Solva  Group. 
'.Lower  Caeriai  Beds. 


I  Middle  . 


The  preceding  list  of  sjBtenu  is  merelj  a  table  from  whicli  no 
idea  of  relative  thickueaB  can  b«  obtaiaed,  but  the  adjoining 
colnmnar  view  is  drawn  to  scale  and  is  intended  to  give  some  idea 
of  the  relative  thickneases  of  the  aystems  which  moke  up  the 
Palteoioic  and  Neozoic  divisions. 

The  actual  thickness  of  anv  system  of  strata  varies  of  conrse  in 
different  parts  of  the  same  country,  and  for  the  construction  of 
the  diagram,  Pig.  I,  the  full  averse  thickness  of  each  stage  has 
been  taken  from  English  districts  where  the  whole  Bystem  ia  well 
developed.  The  diagram  does  not,  therefore,  show  the  maximum 
thickness  of  any  system.  Moreover,  in  other  parts  of  the  world 
the  Permian  and  Triassic  systems  are  represented  by  marine 
deposits  which  reach  a  thickness  of  9000  to  10,000  feet 

Fnrther,  the  Neozoic  division  is  much  thicker  on  the  European 
continent  than  it  is  in  England,  for  in  the  Alps  thick  deposits 
come  in  between  the  Triassic  and  Jurassic  systems,  and  the 
Neogene  series  is  of  much  greater  thickness  in  Southern  Europe 
than  it  is  in  the  north. 

The  Subdivision  of  Stases. — For  the  purposes  of  comparison 
and  classification  the  smallest  stratigrnphieal  unit  should  be,  not  a 
single  bed  or  stratum,  but  a  bed,  or  set  of  beds,  capable  of  palsonto- 
logical  definition.  Such  a  unit  ia  called  a  zone,  but  of  course  it 
ii  only  possible  to  establish  zones  where  there  is  a  connderable 
thickness  of  fossiliferous  beds.  In  the  cose  of  a  thick  mass  of 
sediment  without  fossils,  or  containing  very  few  fossils,  such  as 
the  Old  Bed  Sandstone  and  the  English  Trias,  zones  cannot  be 
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established,  and  the  unite  are  only  definable  by  their  litholc^cal 
chaiacten. 

A  ztme,  as  the  name  implies,  is  a  belt  or  band  of  rock,  that 
is,  a  certain  thickness  of  beds  characterised  by  a  special  assemblage 
of  fossils,  some  of  these  foaaila  being  either  re- 
stricted to  the  band  or  particularly  abundant  in 
it.  Moreover,  it  is  not  merely  a  spectally  fossili- 
ferons  band  in  a  thick  mass  of  sediment,  but  is 
one  of  a  succession  of  zones,  each  stage  in  a 
foBsiliferous  series  being  usually  divisible  into 
two,  three,  or  more  zones. 

The  following  remarks  on  ntnes  are  quoted 
from  the  anthor's  memoir  on  the  Cretaceous 
Rocks  of  Britain ' :  "By  the  fauna  of  a  zone  we 
generally  mean  all  the  fossils  which  have  been 
or  can  be  found  in  the  beds  which  are  recognised 
as  beloi^ng  to  the  zone.  But  what  may  be 
termed  the  critical  fauna  of  a  zone  is  the  much 
araaUer  assemblage  of  fossils  which  are  either 
restricted  to  it  or  are  specially  abundant  in  it. 
One  of  these  species  is  then  chosen-as  the  index 
of  the  restricted  assemblage  of  Species,  and  the 
name  of  this  fossil  ia  given  to  the  zone,  so  that 
we  speak  of  it  as  the  zone  of  this  fossil,  t.g.  the 
zone  of  AmnvmiUt  variant,  or  the  zone  of  Belem- 
niUUa  mjicronnla. 

"The  reader  must  be  cautioned  against 
becoming  possessed  with  the  idea  that  a  zone 
is  a  set  of  beds  characterised  by  the  occurrence 
of  one  particular  species,  and  that  every  bed 
which  yields  this  indei-speciea  must  belong  to 
the  zone.  It  must  be  remembered  that  this 
particular  species  is  only  one  of  several  or  many, 
and  that  it  is  this  assemblage  of  species  which  ia 
the  guide  to  the  zone. 

"  The  valoe  and  importance  of  a  zone  depends 
partly  on  the  number  of  restricted  species  and 
partly  on  the  extent  of  country  over  which  it 
can  be  ttaced.  The  thickness  of  a  zone  is  of 
course  a  stratigraphical  accident,  depending 
merely  on  the  amount  of  sediment  depoaited  at  any  locality  during 
the  lifetime  of  the  zonal  fauna.     Thus  a  zone  may  be  in  one  area 

'  "The   Ganlt   and    Upper   Greensand,"  Mem.    Otol.    Surrey.,    vol.  i.  p. 
Zietieq. 
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onlj  a  few  feet  in  thickness,  in  another  it  may  be  SO  or  30  feet, 
and  in  a  third  it  msy  expand  into  200  or  300  feet. 

"  The  limits  of  a  zone  may  be  definite  or  indefinite.  Where 
sedimentation  has  been  continuoQS  and  fairly  rapid,  the  limits  of 
the  zones  will  naturally  he  indefinite  ;  some  of  the  eharacterietic 
species  of  one  zone  may  survive  into  the  overlying  zone,  and  othere 
which  are  choracteriatic  of  the  latter  may  make  their  fiiat  appearance 
in  the  former.  Thus  in  many  cases  it  is  impossible  to  say  exactly 
where  the  one  zone  ends  and  the  other  begins,  and  though  by 
careful  collecting  one  may  fix  it  with  fair  certainty  in  one  section, 
one  cannot  be  certain  of  taking  exactly  the  same  plane  of  separation 
in  another  quarry  or  clifT  which  is  a  few  miles  away  from  the  first. 
Thus  where  a  zone  is  complete  ita  limits  are  indefinite,  but  the 
succession  of  zones  will  be  the  same  in  both  places. 

"  Where  a  zone  has  definite  limits  it  is  generally  because 
sedimentation  cea^d  for  a  time,  and  in  many  cases  because  an 
erosive  current  swept  away  some  of  the  sediment  which  had 
previously  been  accuraulat«d,  thus  destroying  the  continuity  of  the 
record  and  producing  what  is  called  a  "  surface  of  contemponuieoua 
erosion."  Even  it  the  current  was  only  strong  enough  to  prevent 
tiie  accumulation  of  sediment,-  it  causes  a  break  in  the  recoid, 
because  for  a  time  there  is  no  embedment  and  preservation  of 
organic  remains.  In  this  way,  therefore,  a  zone  or  a  sub-zone  may 
die  out  when  traced  in  a  certain  direction." 

In  some  cases  still  smaller  zonal  subdivisions  may  be  recognised, 
consisting  of  one  or  two  beds  which  are  characterised  by  one  or 
more  peculiar  species  ;  these  may  be  called  sv.b-ionet  or  htmera,  but 
there  is  not  neceesarily  a  complete  succession  of  such  sub-nones,  nor 
can  they  be  expected  to  have  so  wide  a  geographical  extension  as 
zones  ;  they  are  merely  special  horizons,  and  equivalent  to  the 
niveaux  at  French  geologists. 
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CHAPTER   IV 

THE  CORRELATION    OF   ROCK-GROUPS 

SrocE  organic  remaing  afford  euch  valuable  aid  in  the  task  of 
classifjitig  and  correlaliDg  the  different  seriee  of  rocks  which  occnr 
in  different  districts  and  coimtriea,  it  is  necessar;  that  the  geological 
■tudeat  should  become  acquainted  with  the  nature  and  proper  use 
of  paheontological  evidence.  In  the  present  volume  we  are  obliged 
to  aeeume  that  the  leader  has  some  knowledge  of  biology,  both 
recent  and  foSBil,  to  the  extent  at  least  of  knowing  the  appearance 
and  general  structure  of  the  organisms  included  in  the  dilferent 
classes  and  orders  into  which  the  animal  and  vegetable  kingdoms 
are  usoally  divided.  We  propose,  however,  to  refer  briefly  to  some 
of  the  facta  connected  with  the  geographical  distribution  of  marine 


LocaJ  DiBtribution.— ^Anj  one  who  has  vieit«d  different  places 
on  the  British  coasts  will  not  need  to  be  t«ld  that  the  assembl^e 
of  molluscs  and  other  sea-creatures  to  be  found  on  the  sea-ahore  is 
different  at  different  places.  Where  the  coast  is  rocky  he  finds  a 
certain  assemblage  of  species,  but  on  the  shore  of  a  broad  sandy 
bay  he  will  tind  quite  a  different  assemblage.  Similarly  if  he  hires 
a  boat  and  a  dredge  he  will  find  tlie  creatures  dredged  from  a 
rocky  bottom  will  differ  from  those  brought  up  from  a  sandy 
bottom,  and  both  will  differ  from  those  obtained  on  a  muddy 
bottom,  though  of  course  some  species  may  occur  OH  all  three. 
Again,  certain  families  of  creatures,  comprising  many  genera,  such 
as  the  reef-building  corals,  live  only  in  clear  water,  and  would 
□ever  be  fomul  alive  where  saud  or  mud  was  being  deposited. 

Confining  our  attention  to  the  Mollusca,  the  following  lists  will 
illnatrate  what  has  been  stated  above.  The  genera  mentioned  under 
each  head  are  those  which  prefer  to  live  on  such  "  bottoms," 
thongh  some,  such  as  Tapa,  frequent  both  rocky  and  sandy 
bottonia. 
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Rock)-. 

arndr. 

Mnddj-. 

Buccianm, 

Nassa. 

Corbula. 

Pnrpnra. 

N«tic«. 

Lutraria. 

Litorina. 

Cypnea. 

Mya. 

PitelU. 

TurriteUa. 

Aroa. 

Cardiutn. 

Yoldia. 

Tupea. 

TeUina. 

Solemya. 

Donax. 

Gaatrana. 

Swdcivi. 

Mactre. 

Pholiuk 

Solon. 

Besides  tbie  diatribatiou  depending  on  the  nature  of  the  deposit 
which  is  being  formed  on  the  sea-floor,  there  is  a  further  distribu- 
tion according  to  the  depth  of  wat«r.  The  conditions  of  depth, 
including  decrease  of  temperature,  incre&se  of  pressure,  and  loss 
of  light,  produce  a  kind  of  zonal  or  vertical  arrangement  of 
species,  some  being  only  found  near  the  shore,  others  in  deeper 
water,  and  others  again  only  occurring  in  the  depths  of  the  ocean. 
Even  some  genera  have  a,  restricted  range  within  certain  depths. 
This  is  termed  the  bathymetrical  distribution  of  life. 

The  same  conditions  which  regulate  the  local  and  bathymetric 
distribution  of  life-forms  at  the  present  time  have  regulated  them 
in  the  past,  and  consequently  when  we  are  dealing  with  a  granp 
of  stratified  rocks,  made  up  partly  of  limestones  and  partly  of 
shales  and  sandstones,  we  find  that  many  fossils  occur  in  the 
limestones  which  do  not  occur  in  the  shales,  and  that  the  sand- 
stones contain  other  species  which  are  not  found  in  the  other 
beds,  because  different  creatures  would  live  on  the  Bea-bottoms 
where  such  different  de])osit£  were  being  laid  down.  Hence  it 
might  be  thought  that  if  a  formation  consisted  in  one  district 
entirely  of  shale  or  limestone,  and  in  another  entirely  of  sandstone, 
the  two  seta  of  strata  would  contain  such  different  assemblies 
of  fossils  that  they  might,  on  this  principle,  be  regarded  as  belong- 
ing to  two  different  systems,  while  in  reality  they  were  as  nearly 
as  possible  contemporaneous.  But,  as  a  matter  of  fact,  it  is  seldom 
that  a  natural  group  of  rocks  consists  so  entirely  of  one  kind  of 
sediment ;  the  probability  is  that  some  beds  of  shale  would  be 
found  in  both  dietricta,  and  that  these  shales,  by  their  community 
of  fossils,  would  establish  the  synchronism  of  the  rocks  frith 
which  they  were  associated.  Moreover,  there  are  generally  a  few 
speciee  which  are  not  go  restricted  in  habitat,  but  occur  both  in  the 
shaly  and  sandy  sediments  alike,  having  a  wide  range  both  in  space 
and  time  ;  and  such  forms  greatly  assist  in  the  work  of  correlation. 

Zoolosrlcal  Provinces. — Besides  the  lowd  and  bathymetric 
distribution  of  species  tiiere  is  a  farther  limitation  of  certain 
species,  and  even  genera,  to  certain  areas  or  regions,  a  restriction 
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for  which  differences  of  climate,  food,  and  station  are  uot  aufficient 

to  account.  Contrast,  for  instaitce,  the  productions  of  tropical 
Africa  and  tropical  America ;  and  though  there  is  a  certain  general 
aimilaritj  between  them,  in  accotdaace  with  the  similaritj  of 
climate,  fst  the  differences  are  so  great  that  it  is  clear  soma 
powerful  influences  have  been  at  work  to  produce  the  resultfl. 
The  same  conclusion  would  be  arrived  at  bj  a  comparison  of 
the  inhabitants  of  the  sea  un  the  eastern  and  western  sides  of 
North  America,  verj  few  species  being  cominon  to  the  Atlan^c 
and  Pacific  shores. 

The  various  forms  of  life  are,  in  fact,  so  distributed  over  the 
earth  that  its  surface  can  be  mapped  out  iuto  geographical  regions 
or  provinces  to  which  certain  groups  of  genera  are  confined.  The 
boundaries  of  these  provinces  are  sometimes  well-marked,  eapecially 
where  any  strong  natural  feature  exists  to  act  as  a  barrier  and 
prevent  migration  from  one  area  to  another ;  a  chain  of  lofty 
mountains,  a  wide  expanse  of  ocean,  or  an  isthmus  of  land  separ- 
ating marine  provinces  are  such  natural  barriers. 

The  study  of  modern  marine  life  is,  of  course,  most  useful  to 
the  geologist ;  but  space  would  not  allow  us  to  indicate  the 
distribution  of  the  several  classes  of  marine  animals,  even  if  full 
data  were  available,  and  it  must  therefore  suffice  to  select  the 
Mollusca  as  an  example,  lu  the  distribution  of  the  Mollnsca 
seventeen  marine  provinces,  exclusive  of  the  Aralo-Caspian  area, 
were  recognised  by  S.  P.  Woodward,  and  adopted  by  Paul  Fischer 
in  1887.     These  may  be  grouped  as  follows  : — 

1.  Arctic  zone — the  Arctic  province. 

2.  Cold    Temperate  zone — the    Boreal,    Celtic,    and    Almttan 

provinces, 

3.  Warm  Temperate  zone — the  Limtaaian,  Trantatlanti:,  Gali- 

fomian,  and  Japimic  provinces. 

4.  Tropical    zone — -fViit    African,   Indo-Padfic,    Panamic,   and 

Caribbean  provinces. 

5.  South  Temperate  zone — South  African,  Austratiaii,  Peruvian, 

and  Patagoman  provinces. 

6.  Antarctic  zone — -the  Mai/etlanic  province. 

In  each  of  these  provinces  the  majority  of  the  species  do  not 
xange  outside  the  limits  of  the  province,  and  iu  most  of  them  there 
are  certain  genera  which  are  restricted  to  the  province,  Tbus  the 
large  Indo-Pacific  province  contains  a  number  of  genera  which  do 
not  occur  in  any  of  the  Atlantic  provinces,  no  fewer  than  forty- 
five  such  genera  being  enumerated  by  Fischer,^  On  the  other 
>  Mtmad  de  Conchyliaiagie,  1887,  p.  157. 
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hand,  there  are  a  certain  Dumber  of  Atlantic  genera  which  do 
not  occur  in  the  Pacific  or  Indian  eeaa. 

The  Australian  province  ia  another  to  vhich  many  genera  are 
restricted,  among  these  being  Bitetla,  BattMvia,  Strutkiolaria, 
Amj^ibola,  Chamottrea,  Myodora,  and  Tngonia. 

Certain  genera  are  speciailj  characteristic  of  high  latitudes,  and 
curiously  enough  some  of  them  occur  both  in  the  northern  and 
in  the  southern  hemisphere ;  such  are  *  Ghrygodernvt,  AdmeU, 
Trichotr^pu,  Tropkoti,  *  Margarita,  *  Yoldia,  Cyprina,  *  Aitartt, 
Mya,  and  *'  Crenella,  thoae  to  which  an  asterisk  ia  pieGxed 
occurring  in  both  hemispheres. 

Other  genera  are  essentially  tropical,  the  majority  of  their 
species  living  in  the  warm  intertropical  aeas,  with  only  a  few 
species  in  the  more  temperate  climes  ;  such  are  Cottu»,  Harpa, 
Oliva,  Volvia,  Milra,  Gypraa,  Spondylui,  Plicatula,  Pema,  and 
Tridcua. 

Some  Inferenoee  from  the  Foresoinff  Facta — A  study 
of  the  modern  distribution  of  life,  whether  in  the  sea  or  on  the 
land,  shows  us  that  the  provincee  primarily  depend  on  climate, 
and  exhibit  a  tendency  to  arrange  themeetveB  in  broad  belts 
between  the  equator  and  the  poles.  This  arrangement,  however, 
has  evidently  been  interfered  with  by  the  disposition  of  the 
continents,  and  the  limits  of  the  provinces  are  further  narrowed 
or  extended  according  to  the  union  of  the  seaa  and  continents. 
The  aprend  of  terrestrial  life  must  depend  on  the  present  or  post 
continuity  of  land,  and  especially  on  the  connections  in  an  east 
and  west  direction ;  the  spread  of  marine  life  will  depend  on  the 
extension  of  coast  lines  in  the  same  direction. 

The  truth  of  the  above  remarks  is  well  exemplified  by  consider- 
ing the  marine  provinces  on  the  western  coasts  of  die  Old  and 
New  Worlds  respectively.  Along  the  west  coast  of  the  New 
World  we  have  the  simplest  possible  arrangement  of  life  regions, 
namely,  a  linear  succeasion  of  provinces  along  a  north  and  Eouth 
coast  line,  and  depending  entirely  on  differences  of  climate.  These 
provinces  are  (I)  Aleutian,  (2)  Califomion,  (3)  Panamic,  (4)  Peru- 
vian, (5)  Ittagellanic  The  narrow  isthmus  of  Panama  prevents  the 
union  of  tlie  Panamic  and  Caribbean  faunas  which  lie  on  each  side 
of  it ;  and  if  the  coast  of  South  America  did  not  extend  so  far 
south,  the  Magellanic  province  would  not  exist,  and  the  Peruvian 
would  blend  into  the  Patftgonian. 

Now  let  na  turn  to  the  Old  World  with  its  broken  coast  line  ; 
here  the  corresponding  provinces  are  (1)  Celtic,  (S)  Lasitanian, 
(3)  West  African,  (4)  South  African,  (5)  (unpresented).  The 
latitudinal   extent    of    these    areas    is    very    different    from   the 
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American  provinces ;  instead  of  being  limited  by  a  north  and 
Bouth  coaat  line,  the  Celtic  province  spreads  round  England  and 
eastward  acroas  the  North  Sea ;  the  LuaitauiHa  fauna  likewise 
passes  through  the  Straits  of  Gibraltar  and  stretches  eastward 
as  far  as  the  Mediterranean  Sea  aUows  it  The  West  African 
is  more  limited,  but  the  South  African  occupies  eastern  as  well 
as  western  coasts. 

It  will  be  instructive  neit  to  consider  what  important  effects 
on  the  distribution  of  life  would  be  produced  bj  some  very  slight 
changes  in  the  gec^praphj  of  the  world.  Let  us  first  suppose  the 
isthmus  of  Panama  and  the  southern  extremity  of  South  America 
to  be  submerged,  and  mark  what  would  follow  :- — ^the  Panamic  and 
Caribbean  provinces  would  no  longer  be  separated  ;  the  Magellanic 
would  disappear  as  a  coast  province  (though  some  of  the  species 
would  probably  remain  on  the  colder  sea -bottoms),  and  the 
Peruvian  and  Patagonian  would  be  merged  into  a  province  com- 
parable with  the  South  African. 

On  the  other  hand,  if  in  the  Old  World  we  imagine  England 
nnitcd  to  France,  an  isthmus  of  land  raised  across  the  Straits  of 
Qibraltar,  and  the  extremity  of  Africa  prolonged  southwards,  we 
should  then  have  an  arrangement  of  life-provinces  precisely  like 
that  which  we  now  find  along  the  west  coast  of  America.  The 
Celtic  province  would  be  limited  to  the  west  coasta  of  Britain  and 
France,  and  the  &una  of  the  North  Sea  would  probably  become 
more  distinctly  Boreal,  the  Lusitanian  area  would  be  similarly  re- 
stricted, the  Mediterranean  becoming  an  inland  sea,  and  its  fauna 
being  gradually  differentiated  from  the  Lusitanian  ;  finally  the 
prolonged  extremity  of  Africa  would  become  an  Antarctic  province 
comparable  to  the  Magellanic,  and  would  separate  the  eastern 
and  western  shores  of  south -temperate  Africa,  thus  causing  the 
development  of  two  new  provinces  like  the  Peruvian  and  Pata- 
gonian of  South  America. 

The  above  is  not  a  mere  fruitless  exercise  of  the  imagination, 
for  we  know  that  similar  geographical  changes  have  taken  place 
in  past  times,  and  that  such  curtailments  and  enlai^ementa  of  life- 
provinces  must  have  occurred  in  consequence.  We  can  even  trace 
the  operation  of  some  such  changes  during  the  later  periods  of 
geol<^cal  history.  For  instance,  we  have  not  to  travel  very  far 
back  in  time  before  we  come  to  a  period  when  England  was  unit«d 
to  the  Continent,  and  was  then  inhabited  by  many  large  mammalia 
which  have  since  become  extinct  Again  evidence  has  been  obtained 
which  tends  to  show  that  in  early  Pliocene  times  the  east  and 
west  coasts  of  England  did  belong  to  different  life -provinces  in 
consequence  of  the  union  of  England  with  the  Continent,  and 
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that  there  was  a  considerable  difference  in  the  MoUuscan  faunas 
of  the  two  areas. 

The  farther  we  go  back  in  geological  time  the  greater  differences 
do  we  perceive  in  the  distribution  of  the  faunaa,  and  the  greater 
difficulty  do  we  find  in  determining  the  limita  of  the  life-provinces  ; 
but  in  comparing  the  fossib  of  the  different  members  of  the  Terti&rj 
and  Secondary  formations  we  must  bear  in  mind  that  such  pro- 
vinces did  undoubtedly  exist,  and  that  in  tracing  the  rocks  from 
one  district  to  another  we  may  at  any  time  pass  from  the  area 
of  one  province  into  that  of  another.  When  we  reach  the  Primary 
rocks  there  is  some  doubt  as  to  the  existence  of  very  definite  life- 
provinces,  which  Beeni  at  any  rale  to  have  been  fewer,  and  conse- 
quently more  esteusive  than  those  of  later  periods. 

The  wide  range  of  certain  Paleozoic  species  suggests  that  there 
was  a  time  when  the  same  marine  fauna  ranged  over  the  whole 
worid,  and  that  it  was  only  as  time  went  on  that  genera  became 
limited  to  certain  portions  of  the  earth's  surface ;  the  modem  life- 
provinces  being  the  outcome  of  local  diSeientiation,  and  of  the 
circumstances  which  have  retarded  or  accelerated  the  progress  of 
development  from  time  to  time. 

Synohronlam.  and  Homotoxis. — -It  was  stated  in  Chapter  I. 
that  when  two  districts  are  physically  separated  from  one  another 
we  have  to  rely  entirely  on  community  of  fossils  iu  comparing  the 
rocks  of  the  one  with  those  of  the  other ;  and  if  the  rocks  so 
compared  were  deposited  originally  within  the  limits  of  the  same 
life- province,  the  groups  which  contain  similar  assemblages  of 
species  may  safely  be  n;garded  as  contemporaneous. 

To  take  an  example,  no  one  would  hesitate  to  correlate  the 
members  of  the  Ordovician  and  Silurian  systems  in  North  Wales 
and  the  Lake  District  by  means  of  the  fossils  they  contain,  because 
there  is  every  reason  to  suppose  that  the  two  districts  formed  part 
of  the  same  province  during  those  periods.  Similarly  the  members 
of  the  Lower  Cretaceous  series  in  the  Isle  of  Wight  and  in  the 
Weald  may  be  correlated  with  some  degree  of  exactitude  ;  but 
the  same  group  of  beds  in  Lincolnshire  contains  such  a  different 
set  of  fossils  that  it  obviously  belonged  to  a  different  life -province, 
and  it  b  impossible  to  indicate  the  exact  equivalents  of  the  several 
membens  of  the  southern  series. 

Again,  when  we  come  to  compare  districts  at  a  still  greater 
distance  from  one  another — of,  for  instance,  Wales  and  Bohemia, 
Sussex  and  the  South  of  France,  or  England  generally  with 
North  America^we  find  that  there  is  certainly  a  general  resem- 
blance iu  the  vertical  succession  of  faunas  which  have  flourished 
in  the  respective  areas,  i.e.  the  rock-series  in  each  country  can 
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be  divided  into  groups,  vhich  are  characterised  bj  the  presence 
of  the  same  genera  ;  but  the  spedes  are  different,  aad  it  woold 
be  a  mistake  to  coaclnde  that  portions  of  form&tions  containing 
osaemblagea  of  the  same  genera  in  coantries  so  far  apart  were 

contemporaneous  in  the  same  eenae  as  the  members  of  the  Silurian 
series  in  Wales  and  Cumberland  are  contemporaneous. 

A  group  of  species  originating  in  one  locality  and  spreading 
along  the  coasts  of  a  continent  would  ttike  a  long  time  to  travel 
from  Europe  to  America  even  if  there  were  continuous  coast  lines. 
Sometimes  their  progress  would  be  arrested  for  a  time,  until 
physical  or  geographical  changes  allowed  them  to  advance  ;  at 
other  times  they  would  make  their  waj  by  accommodating  them- 
selves to  varying  conditions  and  by  throwing  out  collateral  varieties. 
The  date  of  their  flret  appearance  in  one  part  of  the  world  would 
be  very  much  in  advance  of  their  arrival  in  the  other,  so  that  the 
fact  of  two  distant  formations  containing  fossils  of  closely  allied 
species  can  be  no  proof  of  their  being  really  contemporaneous. 

It  is  certain,  however,  that  in  every  part  of  the  world  the 
geolc^cal  sequence  discloses  the  same  general  succession  of  life- 
forms.  The  progress  of  development  may  have  been  retarded  here 
and  accelerated  there,  but  the  successive  fossil  assemblages  ore 
similar  to  one  another,  and  the  order  in  which  they  occur  is  the 
same  all  over  the  world.  We  never  find  a  Carboniferous  fauna 
antedating  a  Silurian  or  Devonian  fauna,  though  we  may  find 
the  first  sncceeding  the  second  without  the  presence  of  the  inter- 
mediate Devonian  assemblage.  This  common  order  of  succession 
has  been  termed  HomotaxU,  and  the  Silurian  system  of  Britain  is 
spoken  of  as  homotaxial  with  and  equivalent  to  the  Silurian  of 
America  ;  even  the  larger  subdivisions  of  the  one  may  be  paralleled 
with  those  of  the  other,  as  homotaiial  equivalents  or  representatives, 
eo  that  we  may  speak  of  the  Niagara  group  as  equivalent  to  the 
Wenlock  Beds,  understand ii^  by  this  that  the  groups  are  homotaxial 
equivalents  and  not  abaolutely  coeval  formations. 

To  sum  up  the  preceding  observations,  the  occurrence  of  the 
same  assemblage  of  species  at  different  localities  may  be  taken  as 
evidence  that  the  beds  contmning  them  are  of  the  same  age,  and 
were  formed  at  the  same  time.  Again,  a  knowledge  of  the  general 
■uccession  of  generic  forms  enables  us  to  fix  the  relative  age  of  any 
Mt  of  fossils,  and,  consequently,  the  homotaxial  position  of  the  beds 
containing  them.     In  other  words  : 

].  Assemblies  having  many  species  in  common  may  be  regarded 
as  contemporaneous. 

S.  Assemblagea  having  many  genera  in  common  may  be  regarded 
as  homotaiial  equivalents. 
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CHAPTER   V 

THE  LITBRATURB  OF  HISTORICAL  GEOLOGY 

It  hiLs  been  BuggeBted  to  me  that  eome  informatioa  as  to  tlie 
principal  geological  publications  and  aa  to  the  facilities  which 
eiist  for  ascertaining  what  haa  been  published  about  any  particular 
system  or  series  of  beds  would  be  useful  to  tbe  student. 

During  tbe  first  half  of  the  last  century,  and  indeed  up  to 
about  the  year  1B60,  publications  on  atratigraphical  geolc^  were 
comparatively  few,  and  it  was  possible  for  any  geologist  to  have  a 
fair  acquaintance  with  oil  that  had  been  written  on  the  subject ; 
but  OB  time  went  on  the  number  of  workers  increased,  and  more 
numerous  additions  were  made  every  year  to  our  knowledge  of 
British  rocks  and  foseils,  bb  well  as  of  their  equivalents  in  other 
countries. 

Every  year  added  a  volume  to  the  publications  of  the  Oeologic&l 
Societies  of  London,  Edinburgh,  Olaagow,  Uanchester,  and  other 
centres,  to  the  volumes  of  the  PolsODtographical  Society,  and  of 
the  Geological  Maganne.  The  Geological  Survey  also  have  issued 
a  long  succeBBion  of  maps  and  memoin,  most  of  which  have  appeared 
within  the  last  forty  years. 

At  the  present  day,  therefore,  it  is  almost  impossible  for  any  one 
to  make  himself  acquainted  with  all  that  has  been  written  on  the 
stratified  rocks  of  Qreat  Britain,  and  quite  impossible  to  have  at  the 
same  time  a  good  knowledge  of  the  fossils  which  they  contain. 
Consaquently  in  these  branches  of  geology,  as  in  the  case  of  other 
sciences,  the  tendency  is  toward  the  specialising  of  knowledge. 
After  the  student  has  acquired  a  certain  amount  of  knowledge  about 
the  successive  geological  BystemB  and  their  characteristic  fossils,  he 
probably  becomes  specially  interested  in  one  of  them,  or  in  the 
rocks  which  occur  iu  some  particular  district,  and  then  he  wishes 
to  know  in  what  books  and  memoirs  accounts  of  that  series  of  rocks 
or  of  that  particular  district  have  appeared. 

The  descriptive  ports  of  this  volume  contain  only  tbe  more 
34 
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important  facta  respecting  each  sjatem  of  rocka.  The  book  is 
designed  to  inclnde  only  bo  much  informatioa  about  each  great 
seiieB  of  etratlBed  deposita  es  the  student  may  be  expect^  to 
read  and  to  have  before  him  for  constant  reference.  Descriptions 
with  a  certain  amount  of  detail  will  be  given  of  the  more  important 
dietricts  in  the  British  lalandB  where  each  series  is  well  developed 
and  exposed,  but  the  Irish  Tocka  will  be  treated  in  less  detail  than 
the  English,  and  those  of  the  European  continent  will  be  still  more 
briefly  mentioned,  eicept  in  certain  cases  where  they  present  ns 
with  formations  or  special  facies  not  to  be  found  in  the  British 
IbIbs, 

But  the  task  of  selecting  information  from  the  great  mass  of 
detail  which  has  now  been  accumulated  is  not  an  easy  one,  and 
further,  what  is  regarded  aa  specially  important  in  one  part  of  the 
country  may  seem  of  leas  importance  in  another  part,  for  naturally 
each  teacher  will  wist)  his  pupils  to  become  specially  acquainted 
with  the  rocks  of  the  country  or  district  in  which  they  live.  I 
propose,  therefore,  in  thia  chapter  to  indicate  briefly  what  are  the 
moat  important  and  useful  publicationa,  how  tlicy  can  be  obtained, 
and  how  they  should  be  used,  in  order  that  the  reader  may  leani 
how  to  extend  hu  knowledge  of  any  particular  eeriea  of  rocks,  or 
to  find  out  what  has  been  published  about  the  geology  of  any 
special  district. 

The  publications  may  be  grouped  under  fonr  heads — Maps, 
Stratigraphy,  Paleontology,  Falfeogeogmphy. 

Maps 

It  ia  necesaary  that  the  student  ahould  have  access  to  a  geological 
nmp  of  the  British  Islands.  Every  teacher  will  doubtless  see  the 
necessity  of  exhibiting  one  in  his  lecture-room,  but  every  student 
should  OS  aoon  oa  possible  acquire  one  for  himself.  Unfortunately 
a  good  cheap  geological  map  of  the  British  Islands  as  a  whole  is  yet 
a  deaideiatum,  but  there  are  two  good  ones  for  those  who  can 
afford  them,  and  several  separate  maps  of  England,  Scotland,  and 
Ireland,  besides  the  detailed  mspa  of  the  Geological  Survey,    . 

The  following  general  maps  may  be  recommended  ;— 

1.  Geological  Map  of  the   Britiah    Islands,  by   Sir  A.   C. 

Samsay    in  four  aheeta     Scale  11^  miles  to  an  inch 
(Stanford).     Price  328.     In  case  42b. 

2.  Geological  Map  of  the  British  Islands,  by  E.  Best,  ftiim 

Stanford's   London  Atlas,  purchasable  separately    for 
IDs.  6d. 

3.  The  Geological  Surrey  Index  Map  of  England  and  Wales, 
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in  13  sheeU,  on  the  scale  of  4  milea  to  an  inch,  witfa 
index  of  colouTB.  Price  of  each  sheet  23.  6(1.  Par- 
ticulara  obtainable  from  Mr.  E.  Stanfoid. 

4.  Qeological  Map  of  England  and  Wales,  by  Sir  A.  C. 
Ranuay.  Scale  11  miles  to  one  incli.  (Stanford). 
Price  2fia.     In  case  308. 

6.  Geological  Map  of  England  and  Wales,  by  H.  B,  Woodward 
and  J.  G.  Qoodchild  (Philip  and  Son).  Scale  17 
miles  to  an  inch.      Price  6s.      In  case  Ta.  6d. 

6.  Geological  Map  of  England  and  Wales,  by  Sir  A.  Qeikie, 

(Stanford).  Scale  10  miles  to  one  inch.  Price  10s. 
In  case  14s. 

7.  Geological  Map  of  Scotland,  by  Sir  A.  Geikie,     Scale  10 

miles  to  an  inch  (Stanford).     Price  6s.     Mounted  in 

case  10s. 
8    Geological  Map  of  Ireland,  by  K   Hull     Scale  T|  miles 

to   an    inch    (Stanford).      In    two    sheets.      Price    25a. 

In  cas^  30s. 
If  maps  of  a  special  district  are  required  the  reader  should  write 
for  a  catalogue  of  the  maps  issued  by  the  Geological  Survey  of  the 
United  Klogdom,  this  catali^ue  being  obtainable  from  Mr.  E. 
Stanford,  Long  Acre,  London ;  or  from  J.  Menzies  and  Co., 
Edinbm^h  and  Glasgow,  or  from  Hodges,  Figgis,  and  Co., 
Dublin. 

Besides  the  index  map  above  mentioned  the  Geological  Survey 
issues  two  sets  of  maps  on  the  scale  of  one  inch  to  a  mile,  one  being 
known  as  the  "  Old  Series,"  the  other  as  the  "  New  Series,"  The 
publication  of  the  Old  Series  is  completed,  and  any  sheet  can  be 
obtained.  The  price  of  the  large  sheets  (coloured  geologically)  is 
Ss.  6d.,  but  those  which  are  divided  into  quarter-sheets  are  3s.  per 
quarter  sheet,  and  a  few  along  the  sea-board  sre  only  Is.  6d.  Many 
of  these  maps  are  also  issued  in  two  forms,  one  showing  the 
superficial  deposits  or  "  Drift,"  the  other  "without  Drift,"  and  in 
ordering  it  should  be  stated  which  is  desired. 

Tlie  New  Series  is  in  course  of  publication,  and  is  issued  in 
sheets  of  a  uniform  size  at  prices  Taring  from  Is,  6d.  to  3s.  6d., 
most  of  them  being  3s.  Of  these  also  there  are  in  most  cases  two 
editions,  one  with  Drift  and  one  witliout 

Stbatioraphy 

It  will  be  convenient  to  mention  first  those  books  and  memoirs 
which  are  of  a  general  nature  but  yet  give  more  information  about 
certain  formations  than  will  l>e  found  in  this  volume. 
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Among  these  are  The  Geology  of  England  and  Wala,  bj  H.  B. 
Woodward  (second edition,  1887;  third  in  preparation).  This  book 
contains  epeeially  fnll  accounts  of  the  Jurassic  and  Crotsceons 
systenia,  and  of  the  Pleistocene  and  Recent  deposits,  and  has  a 
good  geological  map.     (Philip  and  Son.)     Price  16a. 

Manwd  of  the  Geology  of  Ireland,  by  G.  H.  Kinahan  (1878). 
With  a  geological  map,     Eegan  Paul  and  Co.     Price  12s. 

The  GoaUJUldi  of  Great  Britain,  by  Profeesor  Hull,  gives  general 
descriptions  of  the  strata  which  constitute  the  Upper  Carboniferous 
series  in  all  parts  of  Great  Britain.     (Stanford.)     Price  16s. 

The  Physical  Geology  and  Geography  of  Ireland,  hy  E.  Hull 
(second  edition,  1891),  with  a  small  geological  map  of  Ireland. 
Price  7s.  6d.     (Stanford.) 

ITte  Geology  of  the  Gmmtry  axound  Liverpool,  hy  G.  H,  Morton 
(second  edition,  with  Appendix,  1897).     G.  Philip  and  Son. 

With  respect  to  the  foreign  equivalents  of  British  rochs  brief 
but  good  descriptions  will  be  found  in  Sir  A.  Geikie'a  Texlrbook  of 
Geology  (third  edition,  1893),  also  in  the  Text-hook  of  Comparative 
Geology  by  Messrs.  Eayser  and  Lake  (189&),  and  in  De  Lapparent's 
Trait^de  Gdologie  (fourth  edition,  1900). 

The  Geological  Survey  has  published  the  followit^  memoirs, 
which  deal  either  with  special  formations  or  with  districts  of  con- 
eideiable  size  and  importance  : — 

The  Geology  of  North  lyaUi,  by  Sir  A.  Bamsay,  second  edition 

(1881).      Price  21b. 
The  Geology  of  the  Southern  Uplands  of  Scotland,  by  B.  N.  Peach, 

J.  Home,  and  others  (IBOO).      Price  10s.  6d. 
The  Geology  of  the   Yorkshire  Coal-field,  by  A.  H.   Green  and 

others  (1878).      Price  42s. 
The  Geology  of  North  Derbyshire,  by  A,  H.  Green   and   others, 

(1887).      Price  6a.  6d. 
The  Geology  of  the  Bv,ntUy  Coal-field,  by  E.  Hull  and  others 

(1875).     Price  12b. 
The   Geology  of  the  Bristol  and  Somerset  Coalfield,  by  H.   B. 

Woodward  (1876).      Price  IBs. 
The  Triattie  and  Permian  Rocks  of  the  Midland  CovrUtes  of 

England,  bv  E.  Hull  (1669).     Price  6s. 
Tlu  Geology  4  the   Weald,  hy  W.  Topley  (1875).      Price 

17s.  ed. 
The  Geology  of  the  IsU  of  Wight,  by  C.  Reid  and  A.  Strahan 

(1889).     Price  8s.  ed. 
The  Geology  of  the  Isle  cf  FurbeiA  and  JVeymotUh,  by  A.  Strahan 

(1898).     Price  lOs.  6d. 
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Guide   to  tA^   Otology   of  Lovdon   and   Neighhourhood,  hy  W. 
Whitaker,  fifth  edition  (1889),  sixth  ia  press.     Price  Is. 
The  Jurtune  Rock)  n/  Britain — ■ 

Vol.  I.  Yorkshire,  by  C.  Fox-Strangwaya  (1892).     Price 
8s.  ed. 

Vol  II.  Yorkshire,    by   C.    Foi  -  Strangwaya.     Tables   of 
Fossils.     Price  ISa. 

VoL  III.  The  Lias  of  England  and  Wales,  by  H.  B.  Wood- 
ward (1893).     Price  7s,  ed. 

VoL  IV.  The  Lower  Oolitic  Rocks  of  England,  by  H.  B. 
Woodward  (1894).     Price  lOs. 

Vol.  V.  The  Middle  and  Upper  Oolitic  Rocka  of  England, 
by  H.  B.  Woodward  (1895),  with  Bibliography  of  Jurassic 
Literature,      Price  73.  6ii. 
The  Orelaceoai  Itoch  of  Britain — 

Vol,  I,  The  Gault  and  Upper  Qreensand,  by  A.  J.  Jukes- 
Browne  (1900). 

VoL  II.  The  Chalk   of  England,  by  A.  J.  Jukes-Browne, 
wilh  a  Bibliography  of  the  Cretaceous  Literature.     In 
the  press. 
37m  Plioteru  Bffodia  of  Britain,  by  C.  Reid  (1B90).     Price 


A  list  of  the  smaller  or  more  local  memoirs  (explanations  of 
various  sheets  of  the  one-inch  map)  will  be  found  in  the  Catalogue 
of  Maps  and  Memoirs  mentioned  on  p.  36,  Many  of  them  have 
lists  of  tile  publications  referring  to  the  district  under  description. 

The  next  moat  important  source  of  information  is  the  QvaTterly 
Journal  of  the  Geological  So(nety  of  London,  the  publication  of  which 
commenced  in  1845.  There  is  an  excellent  index  to  the  first  fifty 
volumes  of  this  Journal,  which  can  be  purchased  from  the  Geological 
Society,  Burlington  House,  London  (price  10s.)  This  index  gives 
references  to  the  names  of  authors,  of  places,  and  of  subjects,  so  that 
by  its  means  it  is  easy  to  ascertain  whatpapera  have  been  published 
in  the  Journal  on  any  particular  area  or  any  set  of  beds.  This 
index  deals  with  the  yearly  volumes  between  1846  and  1894. 

The  Geological  Society  also  publishes  every  year  a  list  of  the 
various  items  of  geological  literature  which  have  been  added  to  its 
library.  This  publication  began  in  1894,  with  a  list  for  the  latter 
half  of  that  year  (price  Is.)  Each  succeeding  annual  part  is  issued 
in  a  paper  cover  (price  Ss.),  and  is  divided  into  two  portions,  the 
firat  being  an  index  of  authors'  names  with  titles  of  papers,  and  the 
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Mcond  an  indei  of  aubjecto,  and  each  aeparate  paper  in  all  the 
publicationa  purchased  or  received  by  the  Geological  Society  la 
eatered  in  these  indices,  as  well  ae  all  the  papers  publiatied  in  the 
QuarteHy  Journal  of  the  Society  aicce  1B94.  It  will  be  seen, 
therefore,  that  this  annual  list  forma  a  fairly  good  index  to  the 
geolc^cal  literature  of  the  whole  world. 

Before  tbia  work  was  taken  in  band  by  the  Geological  Society 
of  London  two  attempts  bad  been  made  in  England  to  establish  an 
annual  record  of  geological  literature.     These  were  : — 

1.  The  Qeological  Btcmd,  consisting  of  six  atutual  volumes 

(1874-1B79),  edited  by  W.  Wbitaker,  giving  short 
abstracts  of  all  papers,  British  and  foreign  ;  and  two 
volumes  {for  1880  to  1884  inclusive),  edited  by  W. 
Topley,  giving  titles  only.  Published  by  Taylor  and 
Francis,  London.     Price  16s.  per  volume. 

2.  The  Annah  of  British  Gtology,  by  J.  F.  Blake  (Dulau  and 

Co.,  London).     Four  volumes  (1890-1883).    Price  of  the 

vol.  for  1890,  5a.,  of  others,  98.      Thia  givea  abstracts 

of   all    the    books,   memoirs,   and    papers   on    British 

geoli^y  published  during  those  years,  under  separate 

heads. 

The  volumes  of  the  Geologknl  Magazine  contain  many  articles 

on  stratigraphical  geology,  but   unfortunately  there  is  aa  yet   no 

general  index  to  this  publication.      It  commenced  as  the   OeologUt 

in  1808,  was  changed  to  the  Geological  Magazine  in   1864,  and  is 

published  in  montlily  parts  (price  Is.  6d.   each  part).      It  is  to  be 

hoped  that  a  general  index  to  all  the  volumes  from  1858  to  1894 

may  be  prepared  and  publiehed  before  long. 

Tlie  Geologist's  Association  publishes  Proceedings  which  contain  . 
many  useful  paper?,  and  each  volume  contains  the  proceedings  and 
communicationa  of  two  years,  with  accounts  of  excursions  and  a  good 
index.  The  first  volume  is  for  the  years  1868-69.  The  Association 
haa  also  published  a  Record  of  Excursions  from  I860  to  1890, 
price  12a.  6d.  (Stanford),  which  contains  many  sections,  maps,  and 
illuatratioQB. 

Of  the  provincial  societies  which  publish  geological  papers  the 
chief  are  the  following: — the  Geological  Societies  of  Edinburgh, 
Glasgow,  Manchester,  and  Liverpool,  the  Yorkshire  Geological  and 
Polytechnic  Society,  and  the  Royal  Geological  Society  of  Cornwall. 
Particulars  respecting  the  above  and  all  other  scientific  societies 
in  the  United  Eingdoiu  will  be  found  in  the  Official  Year-Book  of 
ikientijic  and  Learned  Sofitties,  published  by  C.  Griffin  and  Co., 
Strand,  London.     Price  Ts.  6d.  each  annual  volume. 
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The  Britiah  IsUnds  have  been  the  scene  of  repeated  volcanic 
eruptionE,  and  volcanic  products  are  interbedded  with  the  Bcdimenls 
of  all  the  Palgeozoic  sytt^me,  except  perhaps  the  Permian.  Brief 
descriptions  of  the  contemporaneoua  volcanic  rocks  will  be  given  in 
the  following  pages  after  that  of  the  sedimentary  rocks  of  each 
period,  but  the  reader  will  find  this  part  of  the  subject  admirably 
treated  by  Sir  Arcbibald  Geikie  in  hia  Ancient  Volcanoe*  of 
Great  Britain  (Macmillau  and  Co,  2  vole.  1697,  price  36s.) 

PALfiOKTOLOQY 

For  the  proper  stady  of  historical  geologj  it  ia  essential  that 
the  student  shonld  have  some  knowledge  of  the  forms  and  structure 
of  the  different  clasaea  of  animals,  and  especially  of  the  Invertebrate 
classes.  This  general  ac^^uaintance  he  can  get  from  a  careful  perusal 
of  Mr.  H.  Woods's  small  manual  of  Paleeontoli^y  in  the  Cambridge 
Natural  Science  Series  (second  edition,  1899,  price  6a),  but  he  may 
sometimes  find  it  necessary  to  refer  to  larger  books  on  the  subject. 
Of  these  the  beat  are  ; — 

A  Manual  of  Paiaxmtology,  by  Messrs.  Nicholson  and  Lydekker, 
third  edition,  in  two  volumes  (1689),  price  4Ss. 

Zittel's  Texl-book  of  PaUEontology,  the  American  edition  of  1900, 
published  by  Macmillan  and  Co.,  vol.  i.,  price  25b. 

Outlinei  ef  VerlehraU  Falaontoloffy,  by  A.  S.  Woodward,  Camb. 
Univ.  Press,  price  14b. 

Besides  these  may  be  mentioned  a  series  of  volumes  now  being 
issued  under  the  title  of  A  Treatise  on  Zoology,  edited  by  Professor 
E.  R  Lankester,  and  published  by  A  and  C.  Black.  Four  of  these 
volumes  have  been,  or  will  shortly  be,  published,  describing  :  I. 
The  Protozoa;  I!.  The  Porifera  and  Cffilenterata;  III.  The  Echino- 
deima  ;  IV.  The  Mesozoa.  Price  of  each  part  10s.  Fossil  forms 
are  dealt  with  in  some  of  them. 

The  stratigraphical  geolc^ist,  however,  has  to  deal  with  fossils 
principally  as  important  aids  in  determining  the  relative  age  of 
rocks,  and  he  has  therefore  to  make  himself  acquainted  with  the 
foasils  which  are  most  characteristic  of  the  different  systems,  and 
especially  with  those  species  which  have  a  restricted  range  within 
each  system  and  thus  characterise  stages  and  zones. 

Lista  of  characteristic  fossils  will  be  given  in  this  volume,  to- 
gether with  figures  of  some  of  them.  The  student  will,  however,  be 
glad  to  know  where  he  may  find  figures  of  other  Bpeciet^  and  he 
may  consult  the  following  books  with  advantage: — 

Por  Paleozoic  fossils  a  useful  book  is  Baily's  Ckaracterittic 
Brititk  FomU,  vol  i.,  with  42  plates  (1875).     Copies  of  this  can 
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still  be  obtaioed  from  Messrs.  Bulau  and  Co.,  3T  Soho  Square, 
London.     Price  lOa. 

For  Tertiary  fosails  Lowr/a  Chart  of  Charaeterutic  Tertiary 
Ji\)ftiU  can  be  recommended  (Stanford.      Price  48.) 

For  fossil  Crustacea  Woodward  and  Lowry'a  Chart  of  Fostil 
Cnataeea  ia  good,  thougb  not  limited  to  British  species. 

The  figures  in  Kayser's  Ted-book  of  Contparativt  Geology  (Engliab 
edition,  Sonnenschein  and  Co.,  1895)  are  very  good  and  numerous, 
and  though  some  of  tbe  species  are  not  Sritish,  a  large  number 
are  both  British  and  Continental. 

The  more  recent  memoirs  of  the  Qeological  Survey — that  is  to 
aay,  most  of  those  published  since  1890 — contain  fignres  of  some  of 
the  characteristic  fossils  of  the  formations  described.  Tbe  memoirs 
on  the  Jurassic  rocks  and  on  the  Cretaceoua  rocks  may  be  speci- 
ally mentioned  as  containing  many  figures  of  fossils  that  will  be 
uBefnl  to  the  student. 

For  illustrations  of  fossil  plants  and  for  information  on  their 
Btrueture  and  affinities  Seward's  Foiiil  Plant*  should  be  consulted 
(Cambridge  Nat  Science  Manuals,  two  volumes,  price  12s.  each). 
Stiidia  in  Fostil  Botany,  by  D.  H.  Scott  (A,  and  C.  Black),  ia  alao 
eicellent. 

As  works  of  reference  which  ought  to  be  found  in  every  library 
of  scientific  books  tbe  publications  of  the  Palsontographical 
Society  must  be  mentioned,  for  tbese  volumes  are  the  great  store- 
house of  illustrations  of  British  fossils.  The  annual  qnsrto  volume 
of  the  Society  costs  only  21s,  and  contains  parts  of  four  or  five 
monographs,  with  from  thirty  to  forty  plates.  The  Society  was 
established  in  1847,  and  a  list  of  tbe  monographs  which  have  been 
completed  and  of  those  which  are  in  pn^ress  can  be  obtained  from 
Mesan.  Dulau  and  Co.  (Soho  Square,  London).  The  completed 
monc^raphs  can  be  purchased  separately,  and  include  monographs 
on  Fossil  Corals,  Echinoderms,  Brachiopoda,  Trilobites,  Devonian 
Fossils,  MolluBCa  of  the  Crags,  and  Ammonites  of  the  Lias. 

Another  work  of  reference  ia  Etheridge's  FoitQt  of  the  Britith 
Ide»,  vol.  i.  (Clarendon  Press,  Oxford,  1886),  which  is  a  complete 
list  of  the  fossils  recorded  from  the  Foleeozoic  rocks  of  Britain  up 
to  ihat  year,  showing  the  range  of  each  species. 

Pal^ogeographt 

The  geography  of  the  earth's  surface  has  gone  through  a  long 
series  of  phases  and  mutations.  Elach  period  may  be  said  to  have 
bad  a  geography  of  its  own,  but  the  special  phase  with  which  it 
opened  slowly  changed  toward  the  evolution  of  the  ensuing  phase 
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bj  the  upheaval  of  one  region  and  the  Bubsideuce  of  others,  or  hj  a 
general  regional  movement  of  elevation  or  subsidence.  Sometimes 
indeed  great  changea  seem  to  have  taken  place  within  the  duration 
of  a  single  period.  The  present  arrangement  of  land  and  sea,  as 
well  as  their  relative  heights  and  depths,  is  merely  the  last  of  these 
phases,  but  it  is  at  the  same  time  a  result  of  the  geographical 
evolution  which  has  been  in  progress  ever  since  the  earth's  crust 
was  cool  enough  for  water  to  condense  and  settle  upon  it ;  in  other 
words,  modem  geography  is  the  outcome  of  all  the  past  geographical 

The  restoration  of  ancient  phases  of  geography,  the  attempt  to 
indicate  the  limits  of  the  seas  and  the  positions  of  the  land  areas  of 
any  ^e  or  period  is  one  of  the  most  difficult  problems  that  a 
geologist  can  endeavour  to  solve.  Shore-lines  arc  seldom  preserved, 
and  the  essay  involves  a  careful  consideration  of  the  conditions 
under  which  various  local  deposits  have  been  formed,  and  a  studied 
use  of  the  acienti6c  imagination  in  estimating  the  original  extension 
of  deposits,  of  which  only  small  portions  are  in  many  cases  pre- 
served or  exposed. 

Such  ecdeavoura  to  restore  the  geographical  conditions  of  past 
periods  must  at  present  be  tentative,  and  witli  respect  to  the  older 
periods  they  are  probably  more  suggestive  than  real  ;  hut  they 
exercise  the  faculty  of  inductive  reasoning,  and  they  help  to  show 
the  student  that  there  are  aims  and  objects  to  be  attained  by  the 
study  of  historical  geology  which  are  more  interesting  than  the 
mere  enumeration  of  rock-groups  or  the  recognition  of  character- 
istic fossils. 

Brief  indications  of  the  probable  positions  of  the  land  nreaa  and 
of  the  conditions  under  which  the  rocka  were  formed  are  appended 
to  the  description  of  each  period  ;  but  for  more  detailed  considera- 
tions of  the  varions  pointa  involved  the  reader  is  referred  to  the 
author's  treatise  on  the  BuHdhig  of  the  British  Inlands  (second 
edition,  1892,  Bell  and  Sons),  and  to  Professor  Hull's  Contributima 
tothe  Pkyiical  Hietory  of  the  BrUuk  hits  {ISB2,  Stanford).  He  will 
also  find  maps  that  deal  with  a  wider  area  in  the  last  edition 
(fourth)  of  De  Lapparent's  Tmiti  de  Oeologie  (1900). 
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CHAPTER   VI 

PRE-CAMBRIAN  SYSTKMS 

The  geological  history  of  Britain  opens  with  a  chapter  the  pages  of 
vbich  are  so  tattered,  blurred,  and  defaced  by  the  ravages  of  Time, 
that  their  charactera  are  hardly  decipherable,  and  the  record  is 
differently  interpreted  by  different  experts.  Moreover,  to  continue 
the  iimile,  this  chapter  ia  incomplete  both  at  the  beginning  end 
at  the  end,  ao  that  we  know  nut  how  many  pages  preceded  thoee 
we  poesesa,  or  how  many  succeeding  pages  have  been  torn  ont  and 
destroyed,  for  the  pagea  of  our  history  are  not  numbered.  We 
only  know  that  some  ore  wanting,  and  that  there  ia  a  gap,  unfilled 
as  yet  by  the  history  of  any  other  country,  between  this  first  dim 
and  ancient  record  end  the  better  preserved  cbapt^ra  which 
succeed  it. 

In  more  ecientiHc  and  matter-of-fact  language,  there  are  certain 
parts  of  tke  Sritiah  lalea  where  the  Cambrian  rocks  to  be  deacribed 
in  the  next  chapter  rest  on  a  atill  older  series  of  rocks.  Uost  of 
these  Pre-Gambrian  rocka  are  crystalline  and  foliated— gneiasea  and 
achiate  ;  some,  however,  are  clearly  of  sedimentary  origin— al at ea, 
sandstones,  and  conglomerates,  while  others  are  as  distinctly  of 
volcanic  origin — -lavas,  ashes,  and  agglouieratea.  All,  however, 
are  now  everywhere  more  or  less  cleaved  and  indurated.  For  these 
ancient  rocks  Dana's  name  of  Archaean  is  Kmietimee  used,  but  as 
many  writers  prefer  to  restrict  it  to  the  crystalline  schists,  and  as 
the  term  Eparcheeon  has  been  proposed  for  the  sedimentary  aeries, 
it  will  be  best  to  employ  the  simple  name  of  Pre-Cunibrian  as  a 
convenient  deaignalion  until  the  several  Hystems  have  been  more 
thoroughly  investigated.  With  these  Pre-Cambrian  rocks  are 
included  some  which  were  previously  considered  as  Cambrian. 

With  the  exception  of  worm-tracks  no  fossils  hare  yet  been 
found  in  undoubted  British  Pre-Camhrian  rocks,  but  some  impres- 
sions resembling  those  of  a  Trilobite  and  others  which  may  belong 
to  Linguitlla  have  been  obtained  from  the  slates  of  the  Longmynd, 
48 
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and  it  is  stated  that  aimilar  rocks  in  North  America  have  yielded 
a  few  BrochiopodB  and  LaroellibranuhB.  Certain  Archeean  lime- 
stones, moreover,  in  Canada  and  in  Bavaria  contain  some  curious 
etiucturea  which  have  been  described  aa  organic  under  the  name  of 
Eozoon,  but  this  view  is  not  generally  accepted,  and  the  moat 
prevalent  opinion  is  that  the  so-called  Eammi.  is  a  peculiar  mineral 
structure  which  simulates  that  of  certain  Protozoa.  The  material 
consists  of  alternating  la.vets  of  calcit«  and  serpentine. 

The  Pre-Cambrian  rooks  present  us  with  a  great  variety  o(  petro- 
logical  material.  Those  which  appear  to  be  the  oldest,  at  any  rate 
in  Britain,  consist  mainly  of  coarsely  crystalline  gneisses  and 
echiata,  ussociated  with  intmeive  masses  of  igneouB  rock  (granites, 
syenites,  diorites,  etc.)  Above  these  there  are  in  some  areas 
rocks  which  are  clearly  of  sedimentary  origin  (slates  and  grits) 
associated  with  igneous  rocks,  both  contemporaneous  and  intrusive, 
but  all  more  or  lees  schistose  and  metamorphosed.  In  other  areas 
there  are  comparatively  unaltered  stratified  deposits  associated  with 
contemporaneous  volcanic  rocks  (lavas,  ashes,  and  tuffs).  This  last 
group  appears  to  be  the  highest  and  therefore  the  newest  of  the 
several  divisions  or  sjstema  It  is,  however,  impossible  at  present 
to  arrange  the  British  Pre-Cambrian  rocks  in  a  definite  order  of 
succession,  because  they  occur  in  several  isolated  areas  which  are 
difficult  to  compare  with  one  another,  and  the  triple  subdivision 
based  upon  degrees  of  alteration  has  not  yet  been  made  out  in  any 
one  area,  though  in  several  there  is  a  very  clear  division  into  two 
series  or  systems. 

The  following  are  the  principal  areas  in  the  British  Isles  where 
rocks  occur  that  are  clearly  or  pre.iumably  older  than  the  Cambrian ; 
(1)  Scotland  (Hebrides  and  N.W.  coast)  ;  (2)  Ireland  (Donegal, 
Londonderry,  Mayo,  and  Galwaj) ;  (3)  South  Wales  (Pembrokeshire) ; 
(4)  North  Wales  (Anglesey  and  Caernarvon)  ;  (ft)  Shropshire  ;  (6) 
Warwickshire  and  Leicestershire ;  (7)  The  Malvern  Hills ;  (8) 
ComwalL 

The  student  cannot  be  expected  to  make  himself  acquainted 
with  the  structure  and  stratigraphical  details  of  all  these  areas, 
and  we  shall  therefore  confine  our  attention  to  those  localities 
which  present  us  with  the  principal  types  of  Pre-Cambrian  rocks. 
It  will  be  convenient  to  commence  with  Scotland,  where  the  most 
highly  metamorphic  rocka  are  finely  displayed  and  are  succeeded 
unconformably  by  a  little  altered  series  of  sediments.  A  brief 
account  of  the  Irish  Pre-Cambrians  will  then  be  given,  followed  by 
a  fuller  description  of  those  on  Wales  and  Shropshire  and  brief 
references  to  the  other  areas. 
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SrSATiaRAPHV 

1.  Scotland 

The  whole  of  the  Outer  Hebrides  (Lewis,  etc)  and  lai^e  parts 
of  Sutherland  and  Bosa  coneiet  of  ArchEeait  rocks.  These  are 
divisible  into  two  very  different  groups  or  systems — a  lower  set  of 
crystaUine  and  gneissic  rocks,  and  an  upper  series  of  red  sandstones 
and  conglomerates,  which  rest  u neon lorm ably  upon  the  former. 
The  rocks  of  this  region  were  firtt  described  in  1819  by  MacCullocb, 
who  recognised  the  uDconformity  between  them,  but  not  the  true 
age  of  the  sandstones.  They  were  subseqiiently  described  by  Sharpe, 
Nicol,  and  MurchisoD,^  between  18S2  and  1861  ;  still  later  by 
Hicka,Bonney,  Callawuy,  and  Lap  worth,  ^  and  in  1883  the  mapping 
of  the  district  was  miderlaken  by  the  Geological  Survey,  with 
reaulU  published  in  1888.^" 

(1)  TU  Gneiuic  Group. — This  was  termed  by  Marchison  in  1859 
the  Fundamental  or  Lemiian  gneiss,  and  the  name  Hebridean  has 
also  been  applied  to  it  The  following  description  is  taken  mainly 
from  the  account  published  by  the  Geological  Surveyors  in  the 
paper  above  referred  to. 

The  so-called  gneisses  or  gneieaic  schists  are  well-exposed  iu  the 
clijfs  between  Cape  Wrath  and  Loch  Torridon.  They  present  two 
types  of  structure,  appearing  in  some  parts  as  "massive  rudely- 
foliated  crystalline  rocks,  with  few  divisional  planes,  or  [in  other 
parts]  as  well-banded  gneisses  in  which  the  constituents  have  a 
diitiact  parallel  arrangement.  Both  varieties  are  traversed  by 
segregation  veins  and  pegmatites.  The  prominent  minerals  are 
pl^ioclase  felspar,  pyroxene,  hornblende,  quart::  (freiiuently  opal- 
escent] and  magnetite.  It  is  worthy  of  note  that  mica  is  a  rare 
constituent  of  these  original  types  of  gneiss.  On  close  e: 
it  is  apparent  that  the  bands  present  certain  lithological  v 
of  variable  thickneas,  some  consisting  mainly  of  pyroxene  or 
hornblende  and  a  email  quantity  of  ploj^oclase  felspar,  some  of 
plagioclaae,  pyroxene  (or  hornblende),  and  opalescent  quartz,  others 
of  opalescent  quartz  and  felspar.  These  varieties  frequently  cross 
the  lines  of  schistosity,  and  are  evidently  due  to  dilTerences  iu  the 
nature  of  the  materials  prior  to  the  development  of  the  foliation." 

In  some  places  these  foliated  rocks  include  masses  of  nou-roliated 
basic  igneous  rock  (gahbros,  peridotites,  augite-granulites,  and 
diorites),  arranged  in  lenticular  belts  which  are  more  or  less 
paralleled  to  the  foliation.  These  patches  and  bells  are  inteisected 
by  veins  of  gray  pegmatite,  consisting  mainly  of  felspar  and 
qtutrbE,  and  varying  in  thickness  from  a  few  inches  to  several 
■  BarsrcDcss  will  be  found  at  the  end  of  the  chapter. 
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yards.  But  when  these  noti-foliat«d  masses  are  carefully  tiaced  it  is 
found  that  they  pasa  laterally  inlo  the  rudely  foliated  hasic 
gneisses  and  that  the  pegmatite  merge  into  quartz-felspar  schists. 
Hence  it  is  concluded  that  almost  the  entire  mass  consisted 
originally  of  igneous  rocks,  and  that  the  gneisses  have  been 
developed  out  of  the  igneous  complei  by  the  'mechanical  stress 
and  deformation  consequent  on  very  great  subsequent  movements 
of  the  earth's  crust  in  this  r^ion. 

This  conclusion  is  In  contrsst  to  the  earlier  idea  that  the 
gneisses  were  sedimentary  rooks  which  had  been  converted  into 
foliated  rocks  by  such  metamorphic  processes.  Under  this  older 
view  estimates  of  thickness  were  eometinies  ventured  upon,  but 
under  the  newer  view  the  thickness  or  depth  of  the  gneissic  mass 
is  of  little  importance.  It  should  be  mentioned,  however,  that 
the  banding  of  the  gneisses  simulates  a  bedded  structure,  and 
that  these  bands  have  been  bent'  into  gentle  flexures  (anticlinal 
and  synclinal),  the  aies  of  which  usually  strike  from  N,E.  to  S.W. 
There  is  also  a  secondary  and  more  minute  plication  of  the  gneisses 
into  folds  which  trend  E.  and  W.  or  N.W.  and  S.E.,  and  this  has 
evidently  been  produced  by  earth  movements  that  took  place  after, 
and  probably  long  after,  the  development  of  the  first  foliation,  but 
prior  to  the  final  foliation. 

The  history  of  these  gneisaic  rocks  appears  to  bare  included 
several  stages  or  epochs,  which  are  tabulated  as  follows  : — 

1.  The  irruption  of  a  great  series  of  igneous  rocks. 

2.  The  development  of  crust-pressure  and  mechanical  move- 

ments which  produced  a  foliation  of  the  igneous  rocks. 

3.  The  intrusion  of  a  second  series  of  igneous  rocks. 

4.  Further  oruat-presaures  of  enormous  power,  crushing  and 

breaking  up  the  whole  complex,  and  producing  thrust- 
planes,  together  with  a  secondary  foliation  and  a 
secondary  plication  of  the  gneisses. 

5.  The  final  foliation  of  the  gneisses  and  pegmatit«s, 

A  further  remarkable  point  is  that  all  these  processes  were 
accomplished  before  the  formation  of  the  overlying  Torridon 
sandstone,  which  is  not  affected  by  them. 

The  extraordinary  succession  of  disturbances — eruptive,  disruptive, 
and  metamorphic — to  which  the  Lewisian  gneiss  has  been  subjected 
is  not  yet  exbaualed,  for  it  appears  that  there  was  another  period 
of  intense  cruat-presaure  in  post-Cambrian  time.  This  of  course 
affected  all  the  rocks  from  the  highest  Cambrian  downward.  As 
might  be  supposed,  the  fundamental  Lewisian  gneiss  underlies  all 
the  eastern  port  of  Sutherland,  and  in  that  district  there  are  huge 
slices  and  masses  of  such  rock  which  have  been  driven  along  thrust- 
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planeH  for  many  miles,  and  often  now  overlie  tracts  of  Cambrian 
strata ;  in  otber  words,  the  Cambrian  and  Fre-Cambrian  rocks 
have  been  broken  up  into  Blicea,  and  these  slices  have  been  driven 
over  one  another  along  the  planes  of  disruption,  which  are  known 
as  thnist-planea  or  thrust-faults.  Some  idea  of  the  complicated 
stracture  thus  produced  may  be  gathered  from  a  study  of  Fig.  2, 
which  is  taken  from  the  Keport  above  quoted.  Such  being  the 
real  structure  of  the  district,  the  reader  will  hardly  be  surprised 
to  learn  that  the  order  of  superposition  was  not  understood  by 
the  earlier  observers,  and  that  a  great  controversy  raged  for  many 
years  with  respect  to  the  age  and  position  of  the  eastern  gneisses 
and  schists. 

(2)  The  Torridonian. — Between  the  formation  of  the  Lewisian 
gneisses  and  that  of  the  overlying  sandstones  and  conglomerates 
there  must  have  been  a  very  long  interval  of  time.  The  gneissic 
rocks  were  apparently  raised  into  dry  land  and  subjected  to  much 
sub-aerial  erosion  and  detrition,  for  the  unconformity  between 
them  and  the  Torridon  sandstone  is  a  very  marked  one.  In  some 
places  the  surface  of  the  gneiss  is  a  nearly  level  or  gently-inclined 
plane,  but  in  Assyut  it  was  carved  into  a  series  of  dome-shaped 
eminences,  and  in  one  case  a  hill  of  Lewisian  gneiss,  about  700 
feet  high,  projects  through  the  lower  part  of  the  Torridonian  series, 
and  successive  members  of  this  series  overlap  one  another  on 
its  slopes. 

In  Assynt  the  total  thickness  of  the  Torridon  sandstones  is 
from  3B00  feet  to  4000  feet,  but  farther  south  higher  beds  come 
in  and  the  whole  series  is  thicker,  amounting  in  the  IjOch  Broom 
district  to  more  than  8000  feeL  Here  it  has  been  divided  by 
Messra  Peach  and  Home  into  the  following  groups*  : — 

Oroupi.  Nature  of  UaUrlali.  i         Thlckiuaii.  I 

.  Cailleach   Head    Sandet«ni;a,  flags,  dark  shales,  I  IDOO  t«  1500         | 
group  and  calcareous  bands  I 

3.  Aultbea  group       Chocolate -coloured    sandstones  |  2000  to  3000         1 
and  flags  with  gray  Sags  and 
partings  of  shale  [ 

2.  Applecrosa  Coarse  arkose  with  pebbles  of ,  4000  to  5000 

croup  quartz,  quartzite,  etc.  l 

1.  Diabeg  group         Red  sandstones  and  mudstones    500  and  upwards 
with    gray  grits   and    blsck  | 
shales  and  calcareous  bands     i 

Still  farther  south  in  Skye  Mr.  Clough  flnds  that  the  lowest 
r  Diabeg  group  expands  in  a  remarkable  way,  and  that  if  there 
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is  110  undetected  reduplication  by  folding,  it  alone  rouat  be  between 
5000  and  6000  feet  thick.  He  divides  it  into  four  eub-groupa, 
the  lowest  of  which  consists  mainly  of  epidotic  grits  or  ftrkose  with 
abundant  pebbles  of  epidotised  felspar ;  thin  bands  of  greenish  shale 
occnr  in  these  grits,  and  on  the  mainland  there  is  a  basal  con- 
glomerate resting  on  the  gneiss  (Rep.  cit  for  1693). 

Small  patches  of  Torridonian  sandstone  occur  in  the  island  of 
Lewis,  and  show  that  the  series  had  a  western  extension  ;  outliers 
of  it  have  also  been  detected  beneath  the  Cambrian  rocks  of  East 
Sutherlanil,  so  that  it  must  originally  have  occupied  a  very  largo 
area,  and  probably  extended  beyond  the  shores  of  Scotland  both 
on  the  east  and  on  the  west.  It  was,  however,  to  a  la^e  extent 
destroyed  and  broken  up  into  isolated  tracts  during  the  time  which 
elapsed  before  the  deposition  of  the  lowest  Cambrians. 

The  north  of  Scotland  thus  presents  us  with  two  great  Pre- 
Cambrian  foruiations  and  two  great  nnconformitiee. 

(3)  Th^  Datradian  Complex,  —  The  formations  above  described 
appear  to  be  confined  to  the  north  and  noi'th- western  parts  of 
Scotland,  passing  south-westwards  into  Skye  and  the  west  of 
lavemess,  but  there  is  another  large  region  of  metamorphic 
rocks,  that  of  the  Central  Highlands,  with  the  Orampian  Mountains 
as  its  centre,  a  region  comprising  all  Inverness  east  of  the  Great 
Glen,  with  large  parts  of  Elgin,  Nairn,  Aberdeen,  Perth,  and 
Ai^le.  A  large  proportion  of  the  rocks  in  this  area  consist  of 
sediments  which  have  been  converted  into  schistose  rocks  of 
various  kinds,  with  massive  quartzites,  phyllites,  and  some  im- 
portant bands  of  limestone ;  there  are  also  rocks  which  may  be 
altered  and  foliated  lavas  and  tuffs. 

The  relative  age  and  positions  of  these  rocks  have  not  yet  been 
definitely  worked  out  They  may  he  partly  of  Torridonian  and 
partly  of  Cambrian  age,  but  they  may  include  strata  formed 
during  one  or  both  of  the  periods  represented  by  the  two  great 
breaks  above  mentioned  as  existing  in  the  northern  succession, 
and  it  is  also  possible  that  some  Ordovician  beds  may  be  entangled 
along  the  southern  border  of  the  complex.  The  region  is  under 
examination  by  the  officers  of  the  Geological  Survey,  who  will 
doubtless  be  able  before  very  long  to  establish  the  age  of  some  of 
the  members  of  this  great  complex. 

Meantime  Sir  A  Geikie  has  proposed  the  name  Dcdradian  as. 
a  temporary  designation  for  this  great  group  of  schistose  rocks, 
merely  as  he  says  "to  provide  a  convenient  descriptive  epithet 
which  shall  be  precise  and  save  periphrasis." 
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2.  Ireland 


In  the  north-weateru  part  of  Ireland  there  are  tiro  districts 
which  preaent  many  features  reeembling  those  of  the  Scottish 
Highlands.  Their  geographical  position  is  that  which  a  prolonga- 
tion of  the  Central  Highlands  would  occupy  on  the  same  line  of 
strike,  and  aa  the  island  of  Islay  and  the  long  promontory  of 
Cantire  consist  of  similar  rocks  there  can  be  little  doubt  that 
the  north-west  of  Ireland  is  actually  a  physical  and  structural 
continuation  of  the  Grampian  Highlands. 

Tracts  ot  granitoid  gneiss  occur  in  the  west  of  Don^al,  on 
the  weet  coast  of  Mayo,  in  the  Oi  Mountains  near  Pomeroy  in 
Tyrone,  and  in  the  west  of  Oalway.  Associated  with  these 
gneisses  are  large  areas  of  more  or  less  metamorphosed  sedimentary 
rocks,  a  aeries  of  mica-schists,  quartz-schista,  quartzites,  phyllites, 
and  lioiestouee  which  closely  resemble  tlie  Dalradian  series  of 
Scotland.  Dr.  Callaway  has  eiiaiuined  a  part  of  the  series  in 
Donegal  and  believes  that  it  can  be  divided  into  two  portions, 
«n  older  series  of  highly  metamorphosed  rocka  and  a  newer  series 
of  hypometamorphic  or  less  altered  sediments.'  A  more  recent 
and  comprehensive  account  of  the  Irish  Fre-Cambrian  rocks  haa 
been  published  by  Sir  A.  Geikic,^  and  still  more  recently  Mr. 
M'Henry  haa  discovered  the  base  of  the  Dalradian  group  near 
Castlebar  in  Mayo  with  a  basal  conglomerate  resting  on  gneisa 
and  granite,  and  consisting  largely  of  pebbles  of  those  rocks. 

Another  small  tract  near  Pomeroy  in  Tyrone  is  important 
because  it  eihibits  a  central  ridge  of  granitoid  gneisa  flanked  hy 
a  remarkable  group  of  metamorphosed  volcanic  rocks  which  appears 
to  form  the  local  base  of  the  Dalradian  series.  These  rocka  conaiat 
of  coarse  agglomerates  with  interbedded  lavas  anil  tuffs,  the  lavas 
being  chiefly  diabases,  but  including  some  platy  felsitic  rocks  of 
more  acid  type ;  and  this  volcanic  group  is  succeeded  by  green 
chloritic  schists  and  silvery  mica-schists  like  those  of  the  Scottish 
Highlands.' 

It  should  be  remarked  that  neither  iu  Tyrone  nor  in  any  other 
part  of  Ireland  has  anything  comparable  to  the  red  Torridon  sand- 
stones yet  been  found. 

3.  JCala 
In  South  WoJeB  (Pembrokeshire)  there  is  a  series  of  meta- 
morphosed volcanic  rocks  which  underlie  beds  containing  a  Lower 
Cambrian  fauna,  and  are  therefore  most  probably  of  Pre-Cambrian 
age.  This  ^e  was  claimed  for  them  by  Dr.  H.  Hicks  in  1S71,  and 
the  results  of  his  examination  of  the  area  were  described  in  several 
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papers.^  Hia  coneluBiona  may  be  thus  Bummariaed  :  that  the  base 
of  the  Cambrian  syatem  is  marked  by  a  conglomerate  containing 
pebblea  of  the  underlTiog  rocks  ;  that  this  conglomerate  reats  on 
a  aeries  of  achtetose  volcanic  tuffs  and  breccias,  under  which  ia 
another  set  of  quartz-felsit«8  and  halleflintas.  Below  theae  again 
cornea  a  granitoid  rock  which  be  regarded  as  a  still  older  maw  of 
metatnorphic  rock.  To  this  last  he  gave  the  name  of  Dimttian; 
the  oveilyii^  volianic  series  he  called  Pebidian,  but  afterwards 
limited  thia  name  to  the  upper  part  of  the  aeries,  proposing  the 
name  Arvontan  for  the  lower  part     (See  map.  Fig.  13.) 

In  I8S3,  however,  these  conclusions  were  called  in  question  by 
Sir  A.  Geikie,  who  maintained  the  correctneaa  of  the  Qeologicol 
Survey  mapping,  holding  that  the  granite  is  an  intiuaive  mass 
of  igneous  rock,  and  that  the  volcanic  series  (Pebidian)  is  a  down- 
ward continuation  of  the  Lower  Cambrians,  the  apparent  break 
between  them  being  only  a  surface  of  contemporaneous  erosion.** 

Other  geologists  who  have  examined  the  district  agree  that  the 
granite  is  intrusive,  and  that  the  eo-called  Arvonian  cannot  be 
separated  from  Pebidian,  bat  are  inclined  to  believe  with  Dr.  Hicks 
that  there  ia  an  important  volcanic  series  below  the  local  base  of 
the  Cambrian  system.  On  the  whole,  therefore,  it  appears  probable 
that  there  ia  a  series  of  Fre-Cambrian  rocks  in  Pembrokeshire,  diat 
this  series  should  be  called  the  Pebidian,  and  is  several  thousand 
feet  thick,  bnt  that  there  is  no  visible  base  to  it ;  also  that  it  is 
pierced  by  a  mass  of  intrusive  granite  which  may  also  be  of  Pre- 
Cambrian  ^e.  The  respective  interpretations  of  Dr.  Hicks  and  Sir 
A.  Qeikie  are  shown  in  Figa.  4  and  6. 

In  North  Wales  there  is  again  a  similar  volcanic  aeries  making 
its  appearance  in  two  narrow  strips  or  ridges,  which  rise  from 
beneath  conglomerates  of  Cambrian  age.  The  first  extends  from 
Llanllyfin  on  the  south  to  Bethesda  on  the  north,  a  distance  of 
abont  15  miles,  and  has  a  maximum  width  of  2  miles  (see  Fig.  14). 
This  tract  consists  of  a  rbyolitic  felsite  succeeded  by  breccias  and 
schistose  rocks.i'^ 

A  aecond  tract  extends  from  Caernarvon  to  Bangor,  a  distance  of 
about  10  miles,  with  a  width  of  over  a  mile  in  the  central  part. 
This  latter  haa  been  well  described  by  Professors  Bonney  and 
Hnghes,  who  have  shown  that  there  are  three  seta  of  rocks  in  the 
ridge,  (1)  a  granitoid  rock  at  tbe  southern  end  (Twt  Hill),  (2)  a 
reddish-purple  quartz-felsite,  (3)  a  series  of  felspathic  grits,  slates, 
and  agglomerates  (the  "  altered  Cambrian "  of  the  Geological 
Survey).  These  last  are  overlain  by  other  conglomerates  of  Lower 
Cambrian  age.  With  respect  to  the  relations  of  these  rocks  the 
following  facts  appear  to  be  well  ealablished  : — 
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(J)  That    the  quartz-felsite   was  a  rhyolite,  and   probably  a 
rhyolitic  lava-flow. 

(2)  That  between  this  rhyolite  and  the  bauil  Cambrian  con- 

glomerate there  is  a,  seriee  of  altered  volcanic  aahes  and 
agglomerates  (Bangor  eeriee)  which  are  not  less  than  3000 
feet  thick. 

(3)  That  the  overlying  conglomerate  contains  many  fragments 

of  the  quartz- felsite  and  some  of  graDitK)id  rock  (consisting 
of  quartz  and  felspar)  like  that  of  Twt  Hill. 

It  ahould  be  mentioned,  however,  that  Sir  A.  Qeikie  does  not 
accept  the  Pre-Cambrian  age  of  this  ancient  volcanic  series.  He 
finds  no  unconformity  at  the  base  of  the  conglomerate,  but  regards 
it  as  intercalated  in  the  volcanic  series,  wbick  he  consequently 
coneidera  to  be  a  part  of  the  Cambrian  system. 

Anglesey. — A  large  part  of  this  island  coneistB  of  metamorphic 
rocks  (see  Fig.  6),  and  every  one  is  now  t^reed  that  some  of 
them  are  of  Fre-Cambrian  ^^e,  though  opinions  differ  as  to  their 
relative  order  and  succession.  Dr.  Hicks  was  the  first  to  describe 
them  as  Arcbeean  rocks,  and  thus  writes  of  the  central  area  near 
Tycroes  :  "  The  granitoid  gneiss  and  more  compact  granitoid  rocks 
compose  the  Dimetian  axis.  Flanking  this  along  the  eastern  edge 
are  found  the  breccias  and  halleflintos  of  the  Arvonian,  and  beyond 
.  .  .  these  are  the  micaceous  and  chloritic  schists  of  the  Pebidiaii."^' 
It  will  be  noticed  that  he  compares  them  with  the  divisions  he 
had  proposed  in  South  Wales,  but  in  his  later  paper  he  groups  them 
in  two  series  only,  which  it  is  better  U>  call  the  gneissic  series  and 
the  schistose  series  (see  Fig.  0). 

The  latest  account  of  these  Anglesey  rocks  is  by  Sir  Archibald 
Geikie,  who  frankly  admits  that  Ilamsay's  view  of  their  origin  was 
a  mistake,  and  that  their  delineation  on  the  old  map  of  the 
Geolc^cal  Survey  is  wrong.  He  recognises  that  there  is  in  Central 
Anglesey  a  core  of  gneiss  which  must  be  regarded  as  Archxan,  and 
is  strikingly  similar  to  portions  of  the  Lewisian  gneiss  in  Sutherland 
and  Ross.'^  As  in  Sutherland,  the  gneiss  is  coarsely  foliated  and 
rudely  banded  and  is  traversed  by  frequent  veins  of  pegmatite, 
consisting  of  milky  quartz  with  white  and  pinkish  felspar.  The 
schistose  series  he  compares  with  the  Dalradian  of  Scotland,  and 
describes  it  as  consisting  mainly  of  chloritic  schists,  green  phyllites, 
with  quartzites  and  schistose  grits,  and  associated  but  much 
altered  igneous  rocks. 

Sir  A.  Qeikie  remarks  that  "no  one  familiar  with  the  Dal- 
radian rocks  of  Scotland  and  Ireland  can  fail  to  be  struck  with 
the  close  resemblance  which  these  younger  Anglesey  schists  bear 
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to  them,  down  even  to  the  minuteBt  details.      PetrogTAphically 


they  are  the  precise  counterparta  of  the  quartziteB  and  Bchists  of 
Perthshire  and  Bonega],  and  a  &rther  coimection  may  be  estab- 
lished of  a  palfeoDtological    kind";   this  is   the   discovery  that 


.V  Google 


FRE-CAUBBIAN  SYSTEMS  65 

the  apper  part  of  the  Holyliead  quortzite  is  crowded  with  annelid 
pipes. 

From  what  has  been  aaid  wncenung  the  age  of  the  Dalradian  - 
group  (p^  49)  it  will  be  understood  that  it  still  remains  to  be 
prored  th&t  parts  of  this  complex  of  schistose  rocks  in  Anglesej  ate 
of  Pre-Combrian  age. 

4.  Shn^p»hir« 

In  the  southern  part  of  Shropshire  there  are  several  tracts  of 
ancient  rocks  which  were  formerly  regarded  paitly  as  Cambrian 
and  partly  aa  intrusive  i^eous  rocks  (see  maps  of  the  Qeolc^cal 
Survey  and  of  Sir  R.  I.  Murohison).  Broadly  speaking,  they  may 
be  arranged  in  two  great  groups  or  series,  the  one  consisting 
mainly  of  volcanic  rocks,  the  other  entirely  of  sedimentary  deposits ; 
there  is,  moreover,  a.  small  tract  of  micaceous  schist  near  Rushton 
which  may  be  older  than  either  of  the  others. 

The  volcanic  series  is  demonstrably  Pre- Cambrian,  since  it  is 
overlain  unconformahly  by  rocks  containing  Olentllut  and  other 
Lower  Cambrian  fossils,  but  this  series  occurs  only  in  small  dis- 
connected patches.  The  sedimentary  series  forma  the  lai^e  tract 
of  upland  country  which  is  known  as  the  Longmynd  (see  Professor 
Lapworth's  map  (Fig.  7),  which  is  borrowed  by  permission  from  the 
Preceedingi  of  the  Geoloyist't  Anociation ;  this  series  is  almost  certainly 
Pre-Cambrian,  but  its  actual  relation  to  the  other  group  is  un- 
certain because  it  is  bounded  on  both  sides  by  lines  of  fault.  The 
prevalent  opinion,  however,  is  that  the  volcanic  rocks  are  older 
than  the  Longmynd  series,  and  in  accordance  with  this  view  the 
former  will  be  described  first 

The  volcaniu  series  is  known  as  the  Vriamian,  from  the  hill 
called  the  Wrekin  and  the  Koman  town  of  Uriconium  at  its  foot. 
The  mass  of  the  Wrekin  ridge  is  mode  up  of  a  succession  of 
rhyolitic  lavas  with  interbedded  bands  of  ash  and  agglomerate. 
Uidway  along  the  ridge  there  is  an  intrusive  mass  of  dolerite,  and 
at  each  end  (t.«.  on  Ercal  Hill  and  Primrose  Hill)  are  patches  of 
granitoid  rock  which  may  be  intrusive  or  may  belong  to  an  older 
series.  This  unceriiaiDty  is  due  to  the  fact  that  the  junctions 
appear  to  be  faults. 

Rocks  similar  to  those  of  the  Wrekin  occur  in  the  Wrockwardine 
hills  to  the  north-west,  as  well  as  in  the  Caradoe  and  Cardington 
Hills  near  Churcli  Stretton,  and  this  rhyolitic  series  everywhere 
strikes  nearly  east  and  west,  while  the  Longmyndian  and  Cambrian 
locks  strike  north-east  and  south-west  (see  map).  On  the  weatem 
side  of  the  Longmynd,  Pontesford  Hill  is  largely  made  up  of 
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rhyolitic  lavBB  like  those  of  the  Wrekin,  with  intrusiTe  dolerites,  and 
there  are  other  smaller  bosses  of  these  rocks  on  the  western  side. 

The  Longmyndian  oi  sedimentat;  seiies  of  the  Longmynd  is 
diriaible  into  an  eutem  and  westers  portion.  The  eastern  part 
appears  to  he  the  oldest,  and  if  there  is  no  reduplication  of  beds 
the  snccession  ia  as  follows  (see  Fig.  3),  in  descending  order  : — 

&.  Greenish  slates  weathering  purple,  with  some  grits. 

4.  Hard  greywacke  (indurated  sandy  beds). 
3.  Purple  slates. 

5.  Banded  slates  and  greywackea. 
1.  Soft  dark  shales. 

The  apparent  thickness  of  these  rocks  is  over  15,000  feet,  and 
they  dip  regularly  to  the  north-west,  the  annelid  markings  and 
rain-spots  on  their  upper  Burfaces  proving  this  to  be  the  true  dip, 
and  that  we  follow  an  upward  succession  in  going  from  east  to 
west.  No  definite  fossils  have  been  obtained  except  some  im- 
pressions, which  may  be  those  of  a  LiJiguUlla. 

Passing  westward  this  series  is  succeeded  by  another  set  of  beds, 
consisting  (1)  of  purple  grits  with  a  thick  hand  of  conglomerate 
in  the  middle,  (2)  hard  purple  slates,  and  (3)  purple  and  reddish- 
brown  grits  with  lenticular  beds  of  conglomerate.  It  is  uncertain 
whether  this  is  a  true  succession,  for  it  is  just  possible  that  the 
double  set  of  purple  grits  and  conglomerates  ia  a  reduplicatioD. 

The  relation  of  the  western  series  to  the  eastern  series  is  also  a 
point  of  dispute.  Professor  Blake  believes  the  former  to  be  uncon- 
formable to  the  latter  and  to  be  of  the  same  age  as  some  of  the 
grits  in  the  Uriconian  group.  In  his  view  the  eastern  or  gray 
series  is  the  oldest  rock-group  in  the  district  and  the  Uriconian  is 
newer.  In  favour  of  this  view  it  may  be  remarked  that  the  basal 
Cambrian  sandstones  have  only  been  found  in  contact  with  the 
Uriconian  and  not  upon  any  part  of  the  Longmyndian.  On  the 
other  hand,  numerous  fragments  of  the  Uriconian  rhyolites  occur 
not  only  in  the  conglomerates  of  the  western  series,  but  also 
occasionally  as  small  fragmeuts  in  the  grits  of  the  eastern  series. 
The  evidence  of  actual  unconformity  is  considered  very  dubious 
by  Dr.  Callaway,  who  fliso  points  out  that  the  strike  of  the  two 
Longmyndian  series  is  parallel  (from  nnrth-east  to  soutli-west), 
while  that  of  the  Uriconian  is  quite  different  (from  east  to  weEt).^^ 

5.   The  Mtilvem  HilU 
The  oldest  rocka  of  the  Malvern  Hills  are  also  Pre-Cambrian, 
and  are  interesting  because  the  greater  part  consists  of  highly 
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cTjatallme  gneiuic  rocks,  which  are  probably  altered  igneous 
locks,  and  are  comparable  to  the  Lewiaian  gneinee  of  Scotland  and 
Ireland.  This  group  ia  known  a«  the  Malvemian.  Side  by  aide 
with  theae  is  a  small  tract  of  rocks  comparable  with  the  Uriconian 
of  Shropshire,  and  consisting  of  rhyolites,  andesites,  basalts,  and 
felspathie  tuffa.^*  There  ia  nothing  here  com])arab1e  to  the 
Longrayndian  series,  but  the  district  has  undergone  an  enormous 
amount  of  compression  with  plication,  Bhearing,  and  faulting,  as 
will  be  seen  from  the  section,  Fig.  6. 


K  MSi^SilnrillD  Rocks. 


6.    IVai-ipickshire  arid  LeKOterAire 

Small  tracts  of  volcanic  tulfs  and  breccias,  resembling  those  of 
the  Uriconian,  occur  at  Bamt  Green  near  Birmingham  and  at 
Caldecot«  near  Nuneaton,  and  are  in  both  cases  covered  uncon- 
formably  by  Cambrian  strata.  A  larger  tract  of  similar  rocks 
forms  the  upland  district  of  Charnwood  Forest  in  Leicestershire, 
and  though  Burrounded  on  all  sides  by  much  newer  rocks  is 
probably  of  Pre-Cambrian  age.  These  Charnwootl  rocks  have 
been  described  by  Professor  Bonney  and  Bev.  E.  Hill,  who  think 
the  following  succession  can  be  made  out : — 

It.  Slat«s  of  Swithland  and  Groby. 

4.  Slates  with  bands  of  pebbly  quart:;  grit. 

3.   Agglomerates  and  Bchistose  porphyritic  rocks. 

5.  A  great  series  of  griU,  slates,  volcanic  ashes,  and  agglomerates, 

some  of  the  last  being  very  coarse,  and  containing  large 
fragments  of  rhyolitic  lava. 
I.   Slates  and  fine  grits,  the  latter  probably  of  volcanic  origin. 

The  strike  is  from  north-west  to  south-east,  the  older  beds 
occurring  on  the  northern,  and  the  newer  on  the  Eouthem  side. 
Masses  of  syenite  and  diorite  are  intruded  among  them. 
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FoKKiotj  Prb-Cambbi4N  Rocks 

Loofilitlee  In  Europa — Pre-Cambrian  rocks  occupj  extensive 
areas  in  the  north  of  Surope,  more  than  three-fourtha  of  the 
Scandinavian  peninsula  consisting  of  ArchEean  gneiss,  with  masses 
of  Bcbiat  and  quartzite,  and  thin  bands  of  crystalline  limestone 
in  the  upper  part  of  the  ieriea.  No  definite  succession,  however, 
has  yet  been  made  out.  Eocks  believed  to  be  of  ths  aame  age 
extend  through  Finland  into  Russia. 

In  Central  Europe  they  appear  in  several  isobted  areas  sur- 
rounded by  the  stratified  rocks  of  much  newer  formations.  The 
best  known  of  the  areas  is  that  occupying  parts  of  Saiony, 
Bohemia,  and  Bavaria  between  Dresden  and  the  valley  of  the 
Danube.  The  lowest  rocks  are  red  gneiss  and  granite  (Bojan 
gneiss),  succeeded  by  gray  gneiss  with  schistose  rocks  and  beds  of 
limestone  and  serpentine,  and  the  highest  beds  consist  of  mica-schist 
passing  up  into  clay  slate  and  shales  (the  Prizbram  shales),  which 
are  overlaid  unconformably  by  the  Lowest  Cambrian  rocks. 

Pre-Cambrian  rocks  are  also  known  to  exist  in  the  Carpathian 
Mountains  and  the  Pyrenees  ;  gneisaic  rocks  snpposed  to  be  of 
Archfean  age  occur  in  Normandy  and  Brittany,  where  they  present 
a  front  of  lofty  cliffs  to  the  waves  of  the  Atlantic.  There  can  be 
little  doubt  that  they  extend  underneath  the  newer  rocks  between 
these  districts,  and  form  the  floor  upon  which  the  latter  rest 
throughout  the  whole  European  area. 

North  America.— The  largest  and  moat  thoroughly  explored 
area  of  Pre-Cambrian  rocks  is  that  in  Canada,  forming  a  broadly 
V-ahaped  tract,  extending  from  Labrador  to  the  borders  of  Lake 
Huron,  and  thence  north-westward  to  the  Arctic  Ocean.  These 
rocks  were  first  described  by  Sir  TV.  Logan,  who  called  them 
LaureTiHan,  and  divided  them  into  two  series  :  (1)  a  lower  group, 
consisting  chiefly  of  coarse  red  and  gray  gneisses  and  schists 
with  some  bands  of  limestone,  and  (2)  an  upper  group,  found  in 
the  neighbourhood  of  Lake  Huron,  which  he  named  the  Huroniatt 
series.  This  rests  unconfonnably  upon  the  Laurentian,  and  ia 
partly  a  volcanic  and  partly  a  sedimentary  series,  including  lavas, 
volcanic  agglomerates,  and  tufl's,  with  green  schists,  slates,  phylIit«B, 
quartzites,  and  bands  of  limestone.  It  is  now  separated  into  two 
(jroups,  and  its  total  thickness  is  estimated  at  17,000  feet. 

More  recently  a  still  higher  series  has  been  discovered  in 
Canada.  This  is  called  the  Keweenawan,  and  i:*  believed  to  be 
nnconformable  to  the  Huronian.  It  consists  in  the  lower  part  of 
sandstones  and  conglomerates  with  interbedded  sheets  of  basic  and 
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Origin  akd  Method  of  Foruatioh 

From  the  preceding  descriptions  it  will  be  obvious  to  the  reader 
that  the  oldeet  known  rocks  are  ver^  different  from  the  later 
sedinientMy  and  volcanic  geries,  and  that  either  the  oircumstancea 
under  which  they  were  formed  were  different,  or  that  they  have 
been  subjected  to  some  special  metamorphic  processes. 

The  laatmer  in  which  these  gueissic  rocks  have  been  formed 
has  been  a  subject  of  speculation  and  discussion  ever  since  their 
greut  antiquity  was  ascertained.  Varioua  eiptanationa  have  been, 
suggested,  and  of  the  theories  proposed  four  may  be  mentioned  aa 
having  been  strongly  held  by  certain  eminent  geologists  ;— - 

1.  That  they  are  the  remnants  of  the  first  crust  that  formed  on 
the  earth's  surface  aa  it  cooled  down  from  a  state  of  liquefaction. 

2.  That  they  originated,  after  the  formation  of  the  original 
igneolia  crust,  as  chemical  sediments  in  seas  of  hot  water. 

3.  That  they  are  ordinary  sedimentary  rocks  which  have  been 
converted  into  crystalline  rocks  by  intense  subsequent  metamorphiam. 

4.  That  they  are  igneous  rocks  of  deep-seated  intrusive  origin, 
and  that  their  schistosity  is  due  to  subsequent  metomorphiam,  but 
that  their  crystalline  condition  has  only  been  modified  and  not 
caused  by  such  metamorphism. 

The  first  of  these  views  was  held  by  Roth  and  Rosenbusch,  and 
the  second  was  maintained  by  Sterry  Hunt,  but  both  have  been 
abandoned  since  the  foliation  of  gneiss  has  been  shown  conclusively 
to  be  a  result  of  dynaniic  metsmorphiBm.  The  third  view  was 
accepted  for  many  years  by  most  geolc^sts,  but  its  supporters  have 
gradually  been  driven  to  admit  that  if  gneiss  was  originally  a 
sedimentary  rock,  its  alteration  has  been  so  great  that  it  must  have 
been  reduced  in  many  places  to  the  condition  of  a  aemi-molten 
material  not  essentially  different  from  that  of  an  igneous  rock. 

There  remains,  therefore,  the  fourth  view,  which  is  most  in 
accordance  with  the  ascertained  facts  and  the  latest  inferences,  and 
consequently  this  is  the  view  now  generally  adopted.  It  does  not 
of  itself,  however,  carry  us  very  far  toward  realising  the  actual 
conditions  under  which  the  gncissic  rocks  were  formed.  The 
igneous  rocks  from  which  they  seem  to  have  been  formed,  being  com- 
parable to  such  deep-seated  plutonic  rocks  as  granite,  syenite,  diorito, 
and  gabbro,  ore  not  likely  to  have  been  eitruded  on  to  the  earth's  sur- 
face ;  they  are  rocks  which,  so  far  as  we  can  judge,  must  have  solidi- 
fied and  crystallised  under  the  pressure  of  a  solid  earth-crust.    Was 
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theie  then  sach  a  cruBt,  and  if  bo  what  was  it  made  of,  and  how  waa  it 
poBBible  for  the  metamorphism  of  the  plutonic  rocks  to  be  accomplished 
in  ao  short  a  time,  i.e,  before  the  accumulation  of  the  Torridonian, 
Uriconian,  and  Longmyndiaa  series,  and  before  that  of  the  Hnroniau 
in  America  t    These  are  questiocB  which  jet  remain  to  be  answered. 

It  is  poBfiible  that  America  maj  furnish  more  definite  answers 
to  these  questions  than  can  be  obtained  in  Europe,  for  wherever  the 
natural  surlace  of  the  Archaian  gneisses  can  be  seen  in  Europe  it 
is  evidently  a  deeply  eroded  surface.  In  the  north-west  of 
St^otland  it  is  a  surface  which  has  been  carved  out  into  hills  and 
valleys,  and  has  all  the  appearance  of  having  been  a  land  surface  for 
a  long  period  of  time,  during  which  a  thickness  of  many  hundred 
feet  of  rock  has  been  removed  from  it.  In  other  words,  the  rocks 
into  which  the  gneisses  were  intruded  have  been  removed,  but  in 
the  Bainy  Lake  region  of  Canada  the  granit*  gneisses  of  the 
Laurentian  invade  and  alter  a  series  of  mica-scbists  and  finely 
laminated  gneisses  which  are  regarded  by  Mr.  A.  Lawson  as 
metamorphosed  sediments.'^  His  interpretation  of  the  facts  is  that 
the  lower  Laarentian  gneisses  were  formed  "by  the  fusion  of  the 
basement  or  floor  npon  which  the  fornmtions  of  the  upper  division  of 
the  Archiean  were  orignally  deposited,"  portions  of  the  latter  having 
been  absorbed  into  the  general  magnm,  but  that  "  this  fusion  only 
extended  up  to  a  certain  uneven  surface,  which  surface  constitutes  the 
demarcation  between  the  present  upper  and  lower  Arclicean,"  which 
term  he  uses  as  equivalent  to  Laurentian. 

However  this  may  be  in  Canada,  there  is,  near  Loch  Maree,  a 
remarkable  group  of  mica-sehista  and  quartK-schists,  with  bands  of 
limestone  and  seams  of  graphite,  which  certainly  appear  to  be 
altered  sedimenlaries,  and  yet  are  so  intimately  associated  with  the 
Lewisian  gneiss  that  they  may  be  part  of  the  crust  into  which  the 
gneiss  waa  intruded.  Matters  are  still  clearer  in  Norway,  where 
there  is  a  similar  group  of  altered  sedimentary  rock,  not  only 
associated  with  Archceon  gneiss  but  actually  seen  to  be  piereed  by  it, 
and  consequently  to  have  been  part  of  the  pre-existent  crust. 

Again,  the  manner  in  which  our  British  Lewisian  gneiss  is 
veined  by  pegmatites,  and  the  evidence  of  successive  intrusions  of 
granite,  syenite,  picrite,  and  peridotite  into  the  gneissic  complex 
during  Hit  phatet  of  itt  converaon  into  a  foliated,  rock  surest  that  the 
period  was  one  of  great  volcanic  activity.  It  is  very  probable,  though 
we  do  not  yet  know  it  as  a  fact,  that  some  of  these  intrusions 
reached  the  surface  above,  and  gave  rise  to  volcanic  eruptions  with 
the  outpouring  of  lava  streams  and  the  ejection  of  tuffs  and  ashes. 

From  the  fects  above  mentioned  we  may  perhaps  venture  to 
infer  that  the  more  ancient  gneisses  were  formed  when  the  earth's 
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crust  was  comparativelj  tbin,  and  when  it  was  underlain  by  a  much 
deeper  Bubatratum  of  liquid  matter  than  subsequently  existed,  and 
that  03  a  consequence  the  crust  that  bad  been  formed  was 
continually  being  broken  up  and  crushed  by  the  igneous  forces 
which  it  temporarily  imprisoned,  and  by  the  contraction  of  the 
earth's  mass  as  it  continued  to  cool.  If  this  is  anything  like  a  true 
conception  of  the  conditions  pi'evailing  at  this  early  period  of  the 
earth's  history,  it  is  obvious  that  they  were  likely  to  develop 
dynamic  energy  of  much  greater  power  than  could  be  produced 
in  Bubaequent  periods,  and  tliis  will  explain  the  enormous  amount 
of  pressure-force  that  is  evidenced  in  the  shearing,  crushing,  and 
deformation  of  the  older  gneisses  throughout  the  world. 

We  have  finally  to  consider  the  conditions  under  which  the 
later  Pre-Cambrian  rocks  appear  to  have  been  formed.  The 
preceding  inferences  as  to  the  pmbnble  small  thickness  and 
instability  of  the  earth's  crust  and  as  to  the  intensity  of  volcanic 
action  are  to  some  extent  confirmed  by  the  phenomena  of  the  later 
Pre-Cambrian  rocku.  These  undoubtedly  furnish  us  with  proofs  of 
very  great  and  extensive  volcanic  activity,  and  also  of  rapid  detrition 
and  erosion  resulting  in  the  deposition  of  many  thousand  feet  of 
stratified  materials.  Hence  it  has  been  inferred  that  there  was  a 
period  of  some  length  during  which  the  British  area  at  least  formed 
part  of  a  laud  surface,  and  that  on  this  surface  numerous  volcanic 
vents  were  established,  from  wliioh  extensive  flows  of  rhyolitic  lava 
were  poured  out  and  great  quantities  of  volcanic  detritus  were 
ejected.  Then  it  would  seem  that  portions  of  the  land  sank 
beneath  waters  in  which  the  products  of  its  detrition  by  sub-aerial 
agencies  were  spread  out  and  accumulated. 

Thus  Professor  Bonney  is  of  opinion  that  the  Pebidion  and  Uri- 
conian  "  began  with  great  eruptivity,  and  that  the  volcanoes  died  out 
contemporaneously  with  the  formation  of  a  thick  sedimentary  series, 
the  materials  of  which  were  in  part  derived  from  the  dying  or  dead 
volcanoes."  '^  Again,  he  writes  of  the  Chamwood  district  as  com- 
parable to  the  Phlegrman  Fields,  observing,  "The  rarity  of 
conglomerates,  grils,  and  rounded  detrital  materials  seems  to  indicate 
the  absence  of  either  rivers  or  tidal  currents.  Such  a  district  then 
as  the  Phlegrfean  Fields,  consisting  of  many  low  lakes  or  lagoons, 
would  seem  to  supply  the  conditions  required  for  the  formation  of 
these  Chamwood  rocks.  The  lowaess  of  the  hills  and  the  porosity 
of  their  materials  would  be  unfavourable  to  rivers  ;  the  ash  would 
settle  down  in  quiet  waters,  little  rolled,  or  be  spread  out  upon  the 
plain.  The  land,  owing  to  the  frequent  showers  of  ash,  might  be 
unfavourable  to  vegetation,  and  the  volcanic  disturbances  might 
render  the  waters  unprolific." '~ 
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Even  in  Scotland,  where  no  volcanic  rocka  of  this  age  liave  yet 
been  discovered,  evidence  of  their  having  existed  ia  not  hunting, 
for,  as  Sir  A.  Oeilcie  writes,  "  in  some  of  the  congloiuerates  [of  the 
Toiridon  sandstone]  there  occur  fragments  of  highly  vesicular  lavas, 
which  show  that  at  some  time  previous  to  the  deposit  of  these 
coarse  sediments  active  volcanic  vents  existed  somewhere  in  the 
region  of  the  north-west  of  Scotland."  '^ 

Finally,  portions  of  the  British  land  surface  seem  to  have  sunk 
so  ns  to  allow  of  the  formation  of  larger  water-spacea,  which  we  may 
call  lakes  or  inland  seaa,  for  there  ia  no  trace  of  oceona,  and  we 
cannot  be  sure  whether  the  waters  were  fresh  or  saline. 

The  Toiridon  sandstone  was  deposited  in  one  of  these  basins, 
and  all  who  have  examined  that  foruialion  have  leniEirked  u[)on  its 
resemblance  to  a  lacuetrine  rather  than  to  a  marine  deposit.  The 
Longmynd  series  was  formed  in  another  large  watfir-space,  but  at 
present  we  cannot  indicate  any  shore  lines,  nor  even  gueaa  in  what 
directions  either  of  these  basins  is  likely  to  have  been  limited. 
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CHAPTER  VII 

THE  CAMBBUK  SYSTEM 

NomeQolature  of  the  Lower  Palteozolo  Booka — The  eetab- 
liehment  of  three  separate  syatemH  among  the  Lower  Palsaozoic  rocks 
waa  not  accomplished  without  much  controveray,  for  ia  early  days 
only  two  were  recognised,  and  both  were  made  more  comprehensive 
than  they  ought  to  have  been. 

The  well-known  name  Sihirian  (from  the  BritiBh  tribe  of  Silurti 
who  inhabited  the  western  part«  and  bordera  of  Wales)  was  Grat 
introduced  by  Sir  Roderick  Mnrchison  in  1835  to  designate  the 
series  of  rocks  which  he  had  studied  in  the  Innd  of  the  Silures 
(Shropshire,  Herefordshire,  and  South  Wales) ;  he  divided  this 
system  int*  an  upper  and  a  lower  series.'  " 

In  the  meantime,  between  the  years  1631  and  1830,  Professor 
Sedgwick  had  worked  out  the  complete  succession  of  the  Palceozoic 
roeka  in  North  Wales,  and  in  1 835'  he  proposed  the  name  Cambrian 
for  this  series,  which  he  divided  into  three  portions,  calling  them 
Lower,  Middle,  and  Upper  Cambrian.  For  the  beds  which  overlie 
this  series  in  the  Berwyn  Mountains  he  adopted  Muruhiaon's  name 
of  Silurian.' 

Sedgwick  worked  ont  the  succession  from  below  upwards,  and 
Murchison  worked  from  above  downwards,  and  for  a  long  time 
neither  was  aware  of  the  fact  that  their  systems  overlapped  each 
other.  Murchiaon  supposed  that  Sedgwick's  Cambrian  lay  entirely 
below  his  Silurian,  but  when  the  fossils  were  collected  and  de- 
scribed, it  was  found  that  the  Upper  Cambrian  was  equivalent  to  the 
Lower  Silurian,  and  this  fact  led  to  much  subsequent  controversy, 

Aa  Murchison  became  the  Director-General  of  the  Geological 
Survey,  his  nomenclature  was  naturally  adopted  by  the  surveyors, 
and  as  they  found  that  his  Lower  Silurian  hod  no  natural  base, 
group  after  group  of  Sedgwick's  Cambrian  was  gradually  absorbed 
into  it,  till  the  Lower  Silurian  came  to  include  the  whole  of  the 
"  Far  references  see  end  of  the  chapter. 


,  Google 


THE  CniBBlAS  SYSTEM  65 

rocks  (below  the  Upper  Silurian)  in  which  any  fouila  had  been 
found.  This  was  obviously  unfair  and  unscientific,  since  the  so- 
called  Lower  Silurian  was  in  reality  a  part  of  Sedgwick's  Cambrian 
seriee,  the  delineation  of  which  bj  Sedgwick  was  accurate  and 
complete.  Still  it  was  done,  and  the  name  Lower  Silurian  was 
generally  adopted  both  in  England  and  abroad. 

The  fact  is,  Sedgwick  and  Murchison  both  described  more  than 
one  system  of  rocks,  and  each  included  two  sjsteuu  under  one 
name.  Sedgwick  bad  clearly  a  right  to  call  one  system  Cambrian 
and  Murcbison  to  call  one  Silurian,  but  there  is  really  a  third 
intermediate  system,  containing  the  second  great  fauna  in  the  life- 
history  of  the  globe,  nnd  to  this  neither  geologist  has  a  distinct 

For  tbe  intermediate  system  Professor  LapwortH  lias  proposed 
the  name  Ordovictan  (from  the  trilie  of  the  Ordovices  who  inhabited 
North  Wales),  remarking,^  "That  so  long  as  pi«sent  systems  of 
nomenclature  survive,  nothing  can  disturb  the  application  of  the 
title  Cambrian  to  the  rocks  of  the  '  Primordial  Series,'  or  that  of 
Silurian  to  the  strata  of  the  '  Third  Fauna.'  It  is  vastly  different, 
however,  with  the  intermediate  series,  whicb  has  been  the  object 
of  incessant  disputes  from  the  day  it  was  recognised  until  now." 
This  proposal  baa  met  with  very  geneisl  acceptflnce,  and  we  may 
hope,  therefore,  that  it  will  ultimately  be  accepted  by  the  Qeological 
Survey. 

Tbe  following  table  shows  the  different  arrangements  which  the 
student  will  find  current  at  the  present  time,  the  last  or  right-hand 
colnmn  being  that  which  will  be  adopted  in  this  volume. 


Ludlow  Beds 
Wealock  Beds 
Llandovery  Beds   J 
Bala  Series  ' 

Llaudeilo  Flsga 
Arenig  Series 
Tn-madoc  Slatsa 
Liujfula  Flags 
Uenevian 
Harlech  Series 


Scdg^ck, 


Cambrian        Cambrian 


Olasaifloatdon  of  the  Oambrian  SsrsteoL^-Since  the  time  of 
Sedgwick  and  Murchison  the  Cambrian  rocks  have  been  investigated 
much  more  completely  and  fossils  have  been  found  at  various  horizons 
down  to  the  very  base  of  the  system.  Fresh  subdivisionH  have 
been  established  and  new  names  introduced  into  the  nomenclature. 
A  Sitneoian  group  has  been  separated  from  tbe  Lingtila  flags,  and 
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the  Harlech  series  v/aa  found  to  be  diviriUe  into  two  groups  (the 
Caerfei  and  the  Solva  beds).  It  has,  moreover,  been  found  that  the 
whole  Bliceession  is  diriaible  into  series  which  are  characterised  by 
special  genera  of  trilobites,  and  that  in  many  places  a  further  sub- 
diviaiou  can  be  made  into  zones  based  on  tbe  limitation  of  certain 
fossils  (see  p.  26).  Thus  tbe  old  lithological  grouping  has  been 
modified  to  agree  with  the  palxontological  evidence,  and  the  best 
modem  arrangement  of  the  rock-groups  that  compose  the  Cambrian 
system  in  England  is  as  follows : — 


Mid'I'^f^^wr^.^'*''  W  P<trado^UU,  fiuns. 


Life  of  the  Period, — Great  interest  attaches  to  the  foeails 
which  have  been  found  in  the  Cambrian  rocks,  because,  with  the 
eiception  of  tbe  few  oi^uic  remains  mentioned  on  p.  43,  they 
include  tbe  remains  of  the  oldest  animals  hitherto  discovered. 
At  the  same  time  the  number  of  different  classes  of  creatures  which 
exist  in  the  oldest  Cambrian  fauna  make  it  certain  that  ancestors  of 
these  creatures  must  have  existed  in  Pre-Cambrian  times,  and  there 
can  be  little  doubt  that  some  of  them  will  sooner  or  later  be  dis- 
covered in  the  bigher  Pre-Cambrian  rocks. 

The  fossils  which  have  been  found  in  the  Lower  and  Middle 
Cambrian  of  Wales  and  Shropshire  ore  referable  to  the  following 
classes-— Porifers,  Cystidca,  AnneliJa,  Braohiopoda,  Gastropoda, 
and  Crustacea  ;  while  representatives  of  Actino/oa,  Crinoidea, 
Oraptolitoiila,  and  Lamelli branch] a  have  also  been  obtained  from 
rocks  of  tbe  same  age  in  North  America,  The  very  existence  of  so 
many  different  kinds  of  animals  at  this  early  period  is  a  remarkable 
fact,  and  is  a  proof  of  the  great  gap  which  exists  between  the 
Cambrian  and  the  Pre-Cambrian  rocks  of  Western  Europe. 

But  although  referred  to  many  different  classes,  examination  of 
tbe  fossils  themselves  reveals  the  fact  that  most  of  them  are  repre- 
sented by  lowly  and  more  or  less  generalised  forms — that  is,  forms 
which  combine  in  themselves  characters  that  are  now  only  found 
in  two  or  more  distinct  families  or  orders  of  beings.  Thus  sponges 
(Porifera)  may  be  regarded  as  intermediate  between  Protozoa  and 
Ctelenterata  ;  and  the  Cambrian  AcCiuozoa  [ArdiAEocyathm)  are  such 
simple  forms  that  they  were  long  regarded  as  Porifera. 

The  Cystidea  again  are  placed  by  systematista  at  the  bottom  of 
the  Echinoderma  and  appear  to  represent  an  early  stage  in  the 
evolution  of  the  Echinoderin  race. 
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Two  of  the  Lower  Cambrian  Bracliiopods  ^LmguUlla  and 
Orhkuloidm)  are  low  forma  of  that  cIhbb,  and  the  others,  Oboldla 
and  Kutorgina,  were  not  much  more  highlj  oi^nised.  No  Lamelli- 
branchia  have  yet  been  found  in  the  Lower  Cambrian  of  Eorope, 
but  some  small  foeaila  found  in  North  America  are  referred  to  this 
class.  The  Gastropoda  are  represented  by  the  genua  Syolitha  and 
ita  allies,  which  are  usually  referred  to  the  Fteropods,  a  group  that 
retain  to  the  present  day  many  embryonic  characters.  More  typical 
Gastropods  appear  in  the  Lower  Ounbrian  of  America  and  in  the 
Middle  Cambrian  of  Scotland. 

Of  Crustacea  two  orders  are  represented,  the  Eutoinostraca  and 
Trilobita.  The  former  are  true  Crustacea  of  low  oi^nisation  ;  the 
latter  exhibit  a  curious  mingling  of  charactera,  which  have  led  some 
authors  to  exclude  them  from  the  Crustacea,  but  Professor  Beecher  * 
remarks  that  Trilobites  show  the  clearest  evidence  of  primitive 
Crustacean  affinities.  He  also  observes  that  the  Trilobite  threes 
in  nearly  every  particular  with  a  theoretical  Crustacean  ancestor, 
and  we  may  add  that  it  may  also  have  been  the  ancestor  of  the 
Meroslomata  and  the  Arachnida. 

lu  the  Middle  and  Upper  Cambrian  Hydrozou  (Graptolites), 
Crinoid  and  Asteroid  Echinoderms,  Phyllocarid  Crustitcca,  other 
genera  of  Pelecypoda  and  Gastropoda,  and  Nautiloid  Cephalopoda 
make  their  appearance.  The  occurrence  of  Cephalopoda,  the  highest 
of  the  MoIluBcan  classes,  suggests  that  the  evolution  and  develop- 
ment of  marine  Mollusca  must  have  been  especially  rapid  during 
this  early  period  of  the  eartli's  history,  or  else  that  their  ancestors 
existed  somewhere  lung  before  Cambrian  times. 

The  following  are  the  principal  characleristic  species  of  the 
several  faunas  which  have  been  recognised  in  the  Cambrian  system. 

Zower  Cambrian  [Olendlus  Fauna) 
Forifera.-        Protoanongia  fenestrata. 
AwMliiin.        Serpuhtes  fistula,  Scolithus  linearis. 
TrilMla.        OleDellus  Callavei,   0.  La{iworthi,  O.  intermedius,  Olenel- 

loides  anuatus. 
Bratkiopoda.  Lingulella   primieva,   Orbionloidca   oaerfaieDsis,    Katorgina 

ciiigulata,  Obolella  Salteri. 
Gastropoda.     Hyolithes  princeiis.   Ortbatheca  Gecri,  Stenotheca  rugosa, 

Coleoloidss  typicalis,  Salterella  pulchella,  S.  MaccuUochi. 

Middle  Camiirian  (Paradorides  Fauna) 

Forifera.         Protoapongia  fenestrata,  P.  major, 

C'jUidca.  Protocystis  menevensis. 

Trilabila.  Farado^cides  Harkaessi,  P,  solvensis,  P.  aurora,  P.  Davidis. 
and  P.  Hiokai,  Conoooryplie  coronata,  C.  viola,  C.  Lyetli, 
andC.  solvenais.  PlutoniaSedgwicki,  Agnostuscambrensb, 
Microdiscua  sculptus. 
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L  DoiuiecnTpbfl  LfellJ.  r.  IJiignlelli  hmgliie 

b,    MlGTOdlKUl  KUlptlU.  /^  ProtUllODgia  fADCAt 

r.  P^ndoildw  Duvldis.  ■/■  randoiIdH  ■unn. 

i.  Hj-oUUin  eorrQgktiiB.  A.  OleaelluH  CUlBvel. 


(aiiieh  eDlugsd). 
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Bra^icpoda.  Lioenlells    reirpginea,     OboIelU    sagittalis,    OrbiouloidM 

pDeoluB,  Orthig  Hickfli. 
OaatTcpoda.    Hyolithea  uitiqaa,  H.  penoltinu,  Cjrtotbsc*  hunula,  Steno- 

thsoa  oomucopiik. 


b.  Motjoiinm  Boolnle.  /.  HymHunaris  vermloiuiU, 

c  Linsalells  Divliii.  g.  CoDocorfpba  bucBphali. 

d.  Oleniu  miorunis.  k.  Orthl*  Innticuliriii. 

l^ip^  Comtrioji  (Ofcntw  Fauna) 
Eydiveoa.       Dict^onem*  Bocuds  (highest  Liagnla  flags). 
Annelida.      Cniziaaa  semiplic&to. 

Trilotrita.  Olenna  tnincatns,  O.  micrnrus,  Peltara  «cuabceoide»,  Para- 
boUna  Bpinuloaa,  Canocoryphe  bucaphaU,  Solenopleum 
dopressa,  Agnostna  piaifonnis,  A.  trisectUB. 


.V  Google 


3TRATIGRAPHICAL  GEOLOGY 


§^ 


a.  AuphuB  Homfmyi. 
'-.  AiiKolln«  Smlgwioki. 

d.  CoDuluia  Homfrayi. 
PhyUocariiin.  Hymenocnris  vermicaudo. 
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7^  Faaage  Fauna  ( Tremadoc) ' 
rari/ern.         Archffioacyphis  ininganensis,  Calatliiuin  eji. 
Jlydroioa.       Brjogrsptus  Callavfli,  Br.  Kjerulfi,  Clonograptua  tenellus. 
EtkituxUrtiui.  Deodrocrinus  (!  locrimis)  cambreiisb,  PuIicasteriuSi  ramecy- 

ensis,  Macrocjatelln  Mariie. 
Tritobita.        Niobe  Homfrayi,  Psilocephalus  iiinotatus,  Asaiihi 
A,  Hon A   ,      ■■■  ^       ■ 

Lingulelli 

cularis,  a 
LamcllibraiKkia.  Paltearca  HopkinKOUt,  GIf  ptsrca  pnTniev&,  CtcDodonta 

menapiensiE,  Modiolopsu  ramsejensis,  EMcbasma  Blanen- 

bacliiee. 
Ga^ropoda,    Hyolithes    cQspidatus,    CouuUria    Homfrayi,    BelleropboD 

arfonensU,      OpbileU     complanaU,     MaclnTca    I'eachi, 

Eanema  pagoda,  Murchisonia  gracilia. 
Cei^ialopoda.  Orthoceros  sericeum,  0.  meiidax,  0.  durinum,  Piloceraa  iii- 

vftginatum,  Cyrtooeras  precox. 


Stbatigbapht 

Cambrian  rocks  rise  to  the  surface  in  several  parts  of  the 
British  Idea,  but  they  nowhere  occupy  any  large  tract  of  country, 
so  that  we  can  only  compare  their  isolated  exposures,  and  cannot 
trace  their  stratigraphical  variations  continuously  from  one  district 
to  another. 

In  Englaod  and  Wales  there  are  six  districts  where  the 
occiurence  of  Cambrian  strata  is  unquestionable  ;  these  are 
(1)  South  Wales,  (2)  North  Wales,  (3)  Shropshire,  (4)  The  Malvern 
HiUs,  (6)  Warwickshire,  (6)  Lake  District.  In  Scotland  they 
have  only  yet  been  found  in  the  north-western  area  (Sutherland 
RoB(i,  and  Inverness),  hut  may  also  be  represented  in  the  complex 
'  The  apper  linKntone)  of  Durness  are  included  in  this  group. 
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of  the  Central  H)ghtaDd&  In  Ireland  there  are  tracts  of  rock 
in  Wicklow  and  Weiford  which  are  uinally  regarded  as  Cambrian, 
but  the  few  fosailH  thej  have  hitherto  yielded  are  not  of  a  nature 
to  make  this  certain. 

WhereTET  the  basement  beds  of  this  syatem  are  exposed  they 
are  seen  to  reat  unconformably  upon  an  irregular  surface  of  the 
Pre-Cambrian  rocks. 

GEOLOGICAL   MAP  OP  THE  COUNTRY  NEAR  ST  DAVID'S 


1.  South  Walet 

On  the  maps  of  the  Geological  Survey  the  area  which  is  coloured 
and  labelled  as  Camhriaii  in  South  Wales  includes  that  which  has 
since  been  described  as  Pebidian  (Pre-Cambrian),  while  the  Upper 
Cambrians  (Liugula  flags  and  Tremadoc  slates)  are  excluded  and 
regarded  as  part  of  the  Lower  Silurian  or  OrdovtciBn  system  (see 
p.  66).  Thus  the  usefulness  of  the  Surrey  map  is  greatly  dimin- 
ished, and  Dr.  Hicks'a  map,  published  in  1884,  is  a  better  guide. 
Fig.  13  is  reduced  from  this. 

The  whole  Cambrian  succeBsion  is  well  exposed  in  the  St 
David's  promontory  (Pembrokeshire),  and  has  been  described  in 
Mveral  papers  by  the  late  Dr.  Hicks,^  of  which  the  following  is 
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a  Bummary.     The  total  thiclcneas  ie  over  7000  feet,  and  the  system 
ia  diviBible  into  the  following  groape  : — 

Oaerfai  Seriee. — This  is  Uescribed  as  composed  of  the 
following  beds  in  descending  order  : — 

FMt. 

Purple  snndatonea  with  Annelid  tracks 1000 

Red  abilea  witli  Linfftilella  primava,  Diatiiux,  and  fragiueutf 

otOlaellvji EO 

Flaggy  sandstones  with  Annelid  nnu'kings      ....  460 

Condom  era  tea 60  to  150 

About  1600 

The  basal  bed  of  this  series  is  the  Cambrian  conglomerate  so 
frequently  mentioned  in  the  preceding  chapter.  Near  St.  Davids 
it  is  about  sixty  feet  thick,  and  consists  of  well-rounded  pebbles  set 
in  a  matrix  which  is  a  mixture  of  arkose  and  ashy  materials  ; 
sometimes  the  ashy  element  appears  to  predominate,  sometimes 
it  is  a  true  arkose,  cousisting  of  quartz-sand  and  decomposetl 
felspar.  The  pebbles  vary  in  size,  ranging  ap  to  a  foot  in 
diameter ;  they  consist  principally  of  a  reddish  quartzite  and  of 
quartz,  but  include  some  of  quartz-felsite,  porcellanite,  schist,  and 
granitoid  rock,  all  derived  from  the  underlying  Pre-Cambrian  roeka. 

Solva  Seriea — This  is  divisible  into  the  following  stages  : — 

F»ft. 
Gray  flagstones  and  grits  with  PaTodoxida  aurora  .  .  .  150 
Red,  purple,  and   grey  sandetones  and   slates  with  Paradoridts 

30lvf7Ui3 IfiOO 

Yellowish  sandstonss  »uJ  gray  flags  with  Paradoxidu  BarkneaH  .       160 

1800 

The  lowest  beds  are  yellowish  sandstones  with  some  pebble  beds, 
and  above  these  are  gray  flagi!  which  have  yielded  a  number  of 
foEsiU,  including  Paradoxiilei  Harknttsi,  Plvtonia  Sedgwicki,  Miero- 
dUcut  acuiptua,  Conocoryplie  Lytili,  Agnoitue  eamhTentii,  and  HyoliHiia 
antiqua.  The  central  group  ia  of  great  thickness  and  yields 
fragments  of  fossils  at  different  horizons,  but  it  was  only  near  the 
top  that  Dr.  Hicks  found  Paradaadu  iolvtntit  and  ConocorYphx 
tolvennit  with  some  other  fossils.  The  upper  beds  contain  other 
species  of  Paradoxidu  and  OnownT/p/u!,  while  Agnottm  eambrentit 
and  LiaguUlla  ferruginea  occur  in  ali  three  groups. 

MeneTi&n  Seriea. — The  Solva  beds  pass  gradually  into  a 
series  of  dark  flags  and  ahales,  which  contain  a  remarkable  fauna  ; 
above  these  sandstones  again  appear,  marking,  possibly,  an  upheaval 
of  the  area,  and  certainly  indicating  some  physical  change,  for 
frith  them   the   species  and   genera  characteristic  of  the  Lower 
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Cambrian  die  out  and  disappear.     The  group  is  thus  subdivided 
bj  Dr.  Hicks  :— 

Upper— Sandstones  and  shales,  with  Ortkit  Hickaii  ...      100 

Miadle — Flags  »nd  shales,  wilh  Faradoxidea  Davidii  850 

Lonsr — Flogs  and  shalaa,  with  Faradoxidts  Hidaii         .  .     300 


The  middle  group  yielded  to  Br.  Hicks  no  fewer  tban  tventjr- 
eight  species  of  fossils  belonging  to  the  following  genera :  Prototpongia, 
Prtitoeystit,  MicTodUcus,  Goiioconjplie,  Paradoxide*,  Aiwpolenut, 
Erinnyi,  Arionellus,  Holocepkalina,  Agnoitui,  Lingulella,  DiiciTia, 
OboMla,  Orthis,  Hyolitliea,  SUnothioi,  and  Oyrtotkeca. 

Iiingula  Flag  Series.— In  South  Wales  this  does  not  seem 
to  be  more  than  2000  feet  thick,  and  fossils  are  not  very  abundant 
in  them,  but  they  are  well  exposed  in  Whitesand  Bay  and  in  the 
cliffs  of  Ramsey  Island  (see  Fig.  13),  and  they  have  been  divided 
by  Dr.  Hicks  into  three  groups,  which  probably  correspond  with 
those  recognised  in  North  Wales  by  Mr.  Belt  These  are  in 
descending  order  as  follows : — 

Fr>et. 

Upper — FiuB  anj  aUt«a  without  fossila 800 

Uiddle — Hard   gray  micaceous  flags  with    LinguUlla  Daviti  in 

abundance  1000 

Lower — Gray  flagitonaa  and  black  slates  without  fossils  .  700 

These  beds  appear  to  form  a  continuous  band  along  the 
northern  side  of  the  Cambrian  area  from  Whitesand  Bay  to  and 
beyond  Cry^laa  ;  east  of  St.  Davids  they  are  seen  in  Solva 
Harbour,  and  inland  they  spread  eastward  round  another  tract  of 
Lower  and  Middle  Cambrian  rocks  of  which  little  is  yet  known. 
Near  the  eaatem  end  of  this  tract,  at  Trefgarn,  north  of  Haverford- 
west, a  small  but  interesting  exposure  was  found  by  Messrs.  Marr 
and  Roberts  in  a  quarry  which  showed  shales  with  PaToholina 
tpinidota,  underlain  by  a  few  feet  of  grit  and  conglomerate,  which 
rested  unconformably  on  a  surface  of  nearly  vertical  Pre-Cambrian 
rocka  Unless  the  position  of  these  beds  can  be  explained  by 
faulting  it  would  seem  as  if  the  Upper  Lingula  flags  had  here 
overlapped  the  lower  beds  and  were  resting  directly  on  Pre- 
Cambrian  rocka. 

Tremadoo  Soriea. — This  gronp  of  rocks  was  mapped  neat  St 
Davids  by  tbe  late  Br.  Hicks,  who  separated  it  from  the  Lingula 
fl^  on  the  one  side  and  from  the  overlying  Arenig  slates  on  the 
other,  and  allowed  that  it  occupied  a  tract  of  country  extending 
from  Whitesand  Bay  to  Llanvim,  south  of  Abereiddy  Bay,  and 
occurred  also  in  Ramsey  Island  (see  map,  Fig.  13). 
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He  leatricted  the  name,  however,  to  n  group  of  dark  flaggj 

sandstoneg  and  earthy  Elates  about  1000  feet  thick  in  which  he 
discovered  a  remarkable  faiina,  incltidtug  ifeiearetiu  ramteyennt, 
Niobe  Somfrayi,  Dcndroerimu  eamhrmti*,  and  species  of  CUncdotita, 
Palaarea,  and  Modiolopiit.  Above  these  beds  are  some  dark  iron- 
stained  slatea  which  Dr.  Hicka  regarded  aa  Lower  Arenig  because 
he  found  dendroid  gvaptolitea  {C'lado}^u>ra)  in  them,  but  he  admitted 
that  they  were  the  equivalents  of  the  Upper  Tremadoc  slates 
of  North  Wales.  Tlie  fossils  found  at  this  horizon  in  Whitesand 
Bay  included  Asaphut  Homfrayt,  Ogygia  iciUatrix,  LinfftiUlla  Datiiri, 
Dfndrograptiu  arbtucula,  and  CaHograptut  radxahtt.  It  is  very  prob- 
able that  both  Upper  Tremadoc  and  Lower  Arenig  beds  exist  at 
this  locality,  but  they  have  not  yet  been  separated,  and  conse- 
quently the  thickness  of  each  is  unknown. 

Another  saiall  tract  of  Lower  Tremadoc  beds  is  found  round 
Tremanhire,  a  place  about  four  miles  east  of  St  Davids  ;  they 
are  brought  in  above  the  Lingula  flags  by  a  synclinal  flexure, 
and  have  yielded  many  of  the  same  fossils  as  in  Ramsey  Island. 

Tremadoc  slates  have  also  recently  been  found  to  the  south 
of  Caeruiartheu  by  the  Misses  Crosfield  and  Skeat,^  and  their 
pie.°ence  there  is  important,  as  it  had  not  previously  been  suspected. 
They  yielded  Orthoceras  sericnim  and  two  new  trilobites  named 
PeUwa  punctnia  and  Ogyjia  viarginata. 

The  fact  is  that  the  whole  of  the  Cambrian  and  Otdovician 
areaa  in  South  and  Central  Wales  will  have  to  be  mapped  over 
^{ain  before  any  reliable  statements  can  be  made  regarding  the 
exposures  of  the  Tremadoc  and  Lower  Arenig  rooks  and  r^arding 
their  relations  to  one  another.  The  maps  of  the  Oeoli^ical 
Survey  published  in  1845  and  1848  were  excellent  for  that  time, 
hut  the  region  is  so  complicated,  folded,  and  faulted  that  even 
with  la^er-scale  maps  and  a  better  knowledge  of  fossils  it  will  be 
a  difficult  and  laborious  niatter  to  unravel  ita  stmctme  and  to 
separate  the  various  rock 'groups  which  enter  into  the  complex. 


2.  Norfk  WaU* 
Cambrian  rocks  occur  in  Merioneth  and  Caernarvon,  and  are 
brought  to  the  surface  from  beneath  the  surronnding  Ordovician 
strata  by  two  great  anticlinal  folds  which  are  separated  by  the 
great  synclinal  of  the  Snowdon  range  (see  Fig.  14).  The  eastern 
uplift,  which  is  really  a  dome-shaped  pericline,  is  that  of  the 
Harlech  and  Barmouth  district.  The  western  axis  is  of  consider- 
able length,  running  from  Nevin  north-eastward  to  Aber,  and 
may  be  called  the  Llanberis  anticline. 
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GBObOQICAL  MAP  OP  A  PART   OP  NORTH  WALES 
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In  North  Wales  tlie  equivalents  of  the  Caerfai  beds  (Lower 
Cambrian)  have  not  yet  been  clearly  separated  from  the  succeeding 
bed*  (SoIta  group),  and  the  two  together  are  consequently  still 
known  as  the  Harlech  series,  for  although  this  aeries  appears  to 
be  thicker  than  the  coutbined  Caerfai  and  Solva  series  of  South 
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Wales,  few  foBflOa  have  yet  been  obtained  from  it  in  spite  of  much 
careful  March,  and  without  euch  aid  subdivision  ia  difficult 

The  Harleoh  beda  of  Merioneth  have  been  described  bj' 
Sir  A.  Ramsay  as  congiating  mainlj  of  coarse  quartzose  greenish- 
gray  grits,  composed  of  quartz  and  felspar,  and  apparently  formed 
from  tiie  direct  waste  of  granitic  rocks.  There  are  occasional 
beds  of  conglomerate,  consisting  of  quartz  pebbles,  with  some  of 
fclspathic  rock,  enclosed  in  a  gritty  matrii.  With  these  coaise 
gray  grits  are  some  beds  of  finer  grain  and  purple  colour,  and 
occasional  bands  of  gray  and  purple  elate.  In  the  centlv  of  the 
tract  there  ia  aome  thickness  of  purple  slate  which  Ramaay 
regarded  as  the  Lowest  part  of  the  aeries,  the  base  not  being 
seen.  Dr.  Hicks,  however,  was  inclined  to  legard  these  lowest 
slatea  as  possibly  Pre-Cambrian,  and  thought  the  base  of  the 
Cdmbrian  and  the  equivalent  of  his  Caerfai  beds  could  be  found 
in  Llawlech  Mountain  nortli  of  Barmouth. 

According  to  Ramsay  the  total  thickness  of  the  Harlech  aeries 
in  the  central  area  is  over  6000  feet,  but  in  the  northern  part 
the  same  beds  are  only  4200  feet  thick  (without  a  base). 

In  Caernarvon  the  basal  beds  are  grits  and  conglomerates,  which 
contain  pebbles  of  granite,  quartz-felsite,  and  porcellanite  derived 
from  the  Pre-Cambrian  rocks  described  in  the  preceding  chapter. 
These  ore  succeeded  by  a  thick  series  of  purple  and  green  slates, 
AOme  of  which  are  worked  at  the  celebrated  elate  quarries  of 
Penrhyn  and  Llonberia ;  above  these  again  are  coarse  gritsand  sand- 
stones. The  total  tliickncsa  on  the  eastern  side  of  the  anticline 
near  Llanberia  ia  estimated  at  about  3000  feet. 

A  Goniicorypke  {C.  vivla)  was  obtained  from  the  upper  green 
alatea  of  the  Penrhyn  quarry  in  1887,  and  the  succession  in  that 
vicinity  was  described  in  1859  by  Professor  Hughes,  from  whose 
paper  the  following  account  is  taken  (in  condensed  form) : — 

Fast. 
Lingulu  flags  with  L,  iJavisii. 
10.  Cosrse  ertts  and  saodatones  of  Brontlwjd         ....      !600 


\ocirryTihe  viola 


5.  Purplo  slates  irithout  fossils 
T.  Bluish-green  slates  with  some  traces  of  fossils .        .        .         .      T 100 

6.  Fine  red  grit 16 

Ti.  Purple  and  veined  slates S40 

4.  Gre«n  sandy  a1at«a 1400 

3.  Grit  and  conglomerate 1 

2.  Crumpled  slates HSOO 

1.  St.  Anil's  grit J 

Of  these  beds  Nos.  1  to  6  may  represent  the  Caerfai  group  and 
Nos.  7  to  10  the  Solva  group.      On  the  north-western  side  of  the 
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Llanberis  anticline  Bome  of  the  Llanberis  grits  and  dates  come  in 
again  and  plunge  beneath  a  narrow  strip  of  Arenig  Blates.  They  ate 
broaght  up  agaiit  by  the  Bangor  anticline,  bat  in  that  diatrict  there 
does  not  seem  to  be  anything  to  represent  the  Harlech  series ; 
there  are  slates  which  may  be  Lingula  flags,  and  below  these  are 
grits  and  conglomerates  which  rest  mt  conformably  on  the  older 
rocks  (see  Figs.  14  and  16). 

Menevlan  Series. — These  beds  have  been  identified  at  many 
points  along  the  cincture  of  the  Harlech  and  Barmouth  pericline, 
and  there  is  no  doubt  that  they  form  a  narrow  baud  all  round  it 
between  the  Harlech  series  and  the  Lit^ula  flags.  Their  thickness 
however,  is  believed  to  be  leas  than  in  South  Wales.  Near  Ffestiniog, 
in  the  northern  part  of  the  area,  their  thickness  is  estimated  by 
Bamsay  as  225  feet,  but  it  is  probable  that  they  are  thicker  in  the 
south,  though  their  exact  limits  have  not  yet  been  made  out.  They  are 
well  exposed  at  Dolgelly,  at  Pont-ar-Camlau  ou  the  river  Mawddach, 
and  on  the  coast  half  a  mile  east  of  Bnrmoutli.  They  consist  of 
dark  blue  and  black  slates,  and  have  yielded  both  the  characteristic 
species  of  PaTodo^cida  with  Anopokjiv^  Hennd,  Conoeoryjike  Homfrayi, 
Erinnys  ■ixmilo^  and  some  other  fossils. 

Whether  aoy  representative  of  the  Menevian  exists  near  Llanberis 
or  elsewhere  in  Caernarvon  is  not  yet  known. 

LlnffUla  Flees.— This  series  attains  a  great  thickness  in 
Merioneth.  The  beds  are  well  exposed  at  Dolgelly  and  Ffestiniog, 
aod  are  classified  as  follows  by  Mr,  Belt ; — 

Upper  or         /Soft  block  sktes,  with  Feltara  seamimoidet    .  300 

Dolgelly       1.  Hard  bine  alat«a,  with  Farabalina  spimilosn    .  300 

Middle  or       /Blaish  gray  Qaga,  with  O^eniu  micrurus  50 

Frestiuiog    I. Gray  micaceous  Bags,  wich,ff!/''>"''>'^'^<''rmiaiu<^  2000 

Lower  or          /Black  slntee  sjiil  tloga,  with  Oleaus  gibboiu»     .  1800 

Maentwrog\3andstaae8  aad  slaty  beds,  with  Olenvi  adarades  700 

S150 

In  Caernarvonshire  the  thickness  of  the  Lingnla  flags  is  much 
les!<,  but  near  Llanberis  and  Nant  Ffrancon  they  are  apparently 
from  2000  to  2500  feet  thick.  On  each  side  of  Llyn  Peris  the 
nearly  vertical  Harlech  grits  are  succeeded  by  dark  slates  which 
represent  the  Maentwrog  beds,  with  a  thickness  of  about  1000  feet, 
and  these  are  followed  at  the  eastern  end  of  the  lake  by  hard 
quartzose  grits  (i  Ffestiniog  beds),  which  are  estimated  by  Ramsay 
to  be  about  1300  feet  thick.^  Ttiese  beds  are  traceable  north- 
ward through  Elidyr-fawr,  and  a  good  section  is  exposed  in  the 
southern  cliffs  of  Marchlyn-mawr  (see  Fig,  17),  where  Ramsay 
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found  Olmut  mteniru*  and  lAngultUa  Daviiii  in  the  gnj  and  brown 
grits  (So.  6).  It  is  noticeable  that  aome  of  these  grits  are  of  coarse 
grain,  and  occaaioDnlljr  conglomeratic,  thus  difFering  from  the  finer- 
grained  flogatones  of  Merioneth.  The  Upper  Lingula  flags  or 
Bolgellf  beds  have  not  yet  been  identified  in  Caemarron  owing  to 
the  rarity  of  fossils,  but  are  probably  represented  by  a  part  of 
the  dates  above. 

On  the  western  aide  of  the  Llanberis  acticline  the  thickness  of 
the  Cambrian  series  seems  to  be  still  further  reduced,  and  when  they 
again  emerge  on  the  eastern  flank  of  the  Bangor- Caernarvon  ridge 
there  are  only  slates  overlying  the  basal  grits  and  coDglomeratea. 

Profeasoi  Hughes^  has  traced  these  basal  beds  along  the  eastern 
flank  of  the  Pre-Cambrian  ridge  all  the  way  from  Twt  Hill  near 
Caernarvon   to   Garth  Point   near  Bangor.       The   pebbles  vary 

Mueblru  Bach.  Huctalyn-mawr. 


Fig.  17.— BEcnoK  THUounH  aiRcaLnr-HiWB  {H»iiiii»J). 
eDigandt  Tremwlix.  S.  OtIU 

J{^  t  Llngnla  flaga. 


aiateaandgrita  IB"!"*"  beda. 
Quarti  porphyiy  (Pre-Cambrian). 


according  to  tbe  rocks  on  which  Che  conglomerate  locally  rests ; 
near  Caernarvon  they  are  chieBy  quartz,  near  Llanddeiniolen  they 
are  all  of  felaite,  and  near  Bangor  there  are  pebbles  of  quortzite, 
felsit«,  and  quartz. 

Sir  A.  Bamsay  was  of  opinion  that  the  whole  of  the  Lingula 
fl^  had  thinned  out  near  Bangor,  that  the  grits  were  of  Harlech 
tgo  and  were  overlain  unconformably  by  Arenig  shales.  This, 
however,  is  not  the  generally  accepted  view,  for  there  is  no  evidence 
of  such  unconformity,  and  if  the  diminution  of  thickness  is  due  to 
thinning  out  toward  a  shore  line  we  should  expect  the  lower  beds 
to  thin  out  and  disappear  before  the  upper  beds.  The  facta  may  be 
explained  as  a  simple  case  of  overlap,  and  we  may  suppose  that  the 
whole  of  the  Harlech  series  (t,«.  Lower  and  Middle  Cambrian)  has 
thinned  out  with  probably  some  of  the  Lingula  slates  (Maentwrof> 
beds)  and  that  the  basal  Cambrians  between  Llanddeiniolen  and 
Bangor  represent  the  Lingula  grits  of  Elidyr-&wr  and  Marchlyn- 
mawT.     They  may,  howeveiv  be  of  still  lat«r  date. 
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^n«mEMloo  Series. — The  best  section  of  the  Tremadoc  alatea 

in  North  Wales  is  in  the  cliffs  of  the  Penrhyn  pramontoiy  sonth- 
east  of  Tremadoc  in  Merioneth.  Aceording  to  Mr.  Salter,  the 
snccession  which  can  here  be  eeen  is  as  follows : — 

.       -     f    12.  Black  slates  with  iron  etaiiu. 
Arenlg  [   11.  Garth  Hill  grit 

{10.  Hard  bluish  Sags  with  iDSDj  fossils,  Angelina  Stdgwieti, 
Asaph/ia  Som/rai/i,  Ogygia  seutalrir,  etc 
9.  Soft  sandy  shalsa. 
8,  7.  Alternating  beds  of  hard  bluish  sists  and  blaok  pencil 
8,  5.  Thick  beds  of  pBDcil  alate,  with  some  hard  sandj  layers, 
Aiaphta  Hamfriiyi. 
J  {     i.  Hard  blnish  slaty  rock  in  massive  beds. 

Tremadoc  1  ^'  ^-  ^"^  iron-stainad  slates,  with  ftOorajAalw  innouaua, 
I  Niobt  Homfrayi,  Didyoiuvia  tacialc. 

1.   Liognla  flags— Black  slates  with  OltKox. 


The  "pencil  slate"  mentioned  above  ia  a  slate  with  two  sets  of 
cleavage  planes  which  split  the  rock  into  narroiv  pencil-like  pieces. 
The  thickness  of  the  Tremadoc  aeries  both  here  and  at  Moelwyn  to 
the  north-east  is  estimated  at  about  2000  feet ;  east  of  Mo^wyn 
they  gradually  thin  out  as  if  they  were  oTerstepped  unconformably 
by  the  Arenig  beds.  Again  to  the  west  and  north-west  the  thick- 
ness ia  said  to  diminieb  to  lees  than  1000  feet  In  the  Aran  range 
on  the  eastern  side  of  the  Merioneth  anticline  the  Tremadoc  is  said 
to  be  1 600  feet  thick. 

Whether  Tremadoc  beds  exist  to  the  north-weat  of  Saowdon 
has  not  yet  been  ascertained  because  of  the  scarcity  of  fossils  in 
the  mass  of  dark  slates  which  intervenes  between  the  Lingula  grits 
and  the  Aienig  grita.  It  is  very  probable  that  the  Tremadoc  is 
Fepresented  in  these  alatea,  and  there  seems  to  be  little  doubt  of  its 
occurrence  in  Anglesey,  where  Professor  Hughes*  found  a  specimen  of 
NetewAu*  ramMyensis  associated  with  OrtAw  Cnraurti  in  sandstones 
which  overlie  the  basement  Cambrian  conglomerate.  In  Anglesey, 
therefore,  the  basal  beds  may  not  be  older  than  the  Tremadoc. 
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Cambri&n  rocks  are  brought  to  the  surface  in  four  diatinct  and 
isolated  areas  in  the  Midlands,  viz.  (I)  Malvem  Hills,  (8)  The 
Wrekin  (Shropshire),  (3)  the  Lower  Lickey  Hill  (Worcestershire), 
and  (4)  Nunenton  (Wacwickahire).  In  lithological  characters,  and 
to  some  extent  also  in  theii  fossil  contents,  these  Midland  rocks 
differ  verj  much  from  the  t  j'pical  Cambrian  of  Wales,  and  accord- 
ing to  Professor  Lapworth  "^  they  approximate  more  closely  to  tie 
Cambrian  of  Scotland  and  of  the  continent  of  Europe.  The  total 
thickness  of  the  system  is  very  much  less  in  the  Midlands  than  in 
Walea,  and  though  it  is  believed  that  in  the  western  areas  the 
succession  is  incomplete,  it  appears  to  be  unbroken  near  Nnueaton, 
where  the  thickness  of  the  exposed  beds  is  only  about  2200  feet, 
and  if  800  feet  are  added  for  the  concealed  upper  beds,  the  total  is 
then  only  3000.  The  whole  system  is  divisible  into  a  lower 
arenaceous  division,  comparable  to  the  Caerfai  and  Sulva  beds  of 
Soath  Wales,  and  an  upper  shaly  division,  mmparable  to  the  higher 
beds,  from  the  Meneviiin  to  the  Trenadoc  inclusive. 

The  Arenetceoua  DiviBlon. — At  the  south-west  end  of  the 
Malvern  Hills  the  Archiean  schists  are  bordered  by  beds  of  quartaite 
and  of  greenish  flaggy  micaceous  sandstone  which  have  been  called 
the  HollybuA  landatona.  For  the  following  account  of  these  beds 
I  am  indebted  to  Professor  T.  T.  Groom,  who  has  recognised  the 
following  descending  succession  : — 

2.  HoUybuik  SamUtom. — Probably  over  900  feet  thick,  consist- 

b.  Massive  glanconitic  sandstones,  from  560  to  700  feet 
thick,  with  several  species  of  HyoUtheg  (including  H, 
jatula),  Kviorgina  evngulata  var  PhiUipti,  etc 
a.  Shaly  sandstone,  with  calcareous  bands  and  seams  of 
quartzite,  not  less  than  S20  feet,  with  K-ut.  Pkillipsi, 
Oboltlla  >p.,  lAtmaruonia  sagiltalu,  Hyolitket  «p. 
1.  HoUybuih  QuartciU. — Quartzitea   and    conglomerates   of   un- 
known thickness,  with  KvtorgiTia,  OboUlla,  and  Hyoliihet. 
The  conglomerates  in  the  quartzite  contain  pebbles    of  metn- 
morphie  qnartxite,  rhyolite,  andesite,  and  red  granopbyre,  and  were 
fonnerly  r^arded  as  the  basement-bed  of  the  series  which  was 
supposed  to  rest  unconfonnably  on  the  Pre-Cambrian  rocks.     It  is 
very  probable  that  such  was  their  relation,  hnt  Professor  Groom 
believea  the  present  junction  planes  to  be  faults,  and  thinks  that 
the  quartzite  may  have  been  several  hundred  feet  tliick,  though 
only  SO  or  80  feet  of  it  can  now  be  seen. 
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lu  the  Wrekin  area  the  succession  is  similar.  There  the  lowest 
bed  ia  a  hard  qiiartzite,  with  pebbles  of  rbjolite  and  other  rocks 
in  the  lower  part.  This  is  succeeded  by  greenish  sandatonea 
like  those  of  HoUybush,  including  a  reddish  sandy  limestone, 
which  near  Comlej  has  yielded  OUnelliu  Caliavei,  Kvtorgina 
eiiigulata,  Stenotheca,  and  some  other  foesils.  The  upper  beds  consist 
of  conglomerates,  grits,  and  ahalea,  with  another  band  of  limestone 
in  which  Flyckoparia,  OboUUa,  and  fragments  of  Paradoridet  have 
been  found.  Hence  these  Gomley  tatiditona  appear  to  represent 
both  the  Caerfai  and  Solva  beds  of  Soath  Wales. 

In  the  Lickey  district  there  is  an  exposure  of  quartzite  which 
ia  almost  certainly  of  Lower  Cambrian  age,  though  no  fossils  except 
Worm-burrowB  hare  yet  been  found  in  it.  It  conaiata  of  flaggy 
quartzites,  with  intercalated  purple  shales  like  those  next  described. 

Near  Nuneaton  there  is  a  remarkable  tract  of  Cambrian  rocks 


which  before  the  discovery  of  fossils  was  supposed  to  be  of  Car- 
boniferous age.  It  ia  about  9  miles  in  length,  with  a  width  of  a 
mile  where  broadest,  and  the  stracture  of  the  district  ia  shown  in 
the  section  drawn  by  Professor  Lapworth  (Fig.  19).  The  arenaceous 
division  has  been  <»1led  the  Hartehill  quartzite,  and  is  about  600 
feet  thick.  It  has  been  divided  into  three  parts  by  Professor 
Lapworth.  The  Lower  or  Park  Hill  quartzite  is  composed  of 
alternating  beda  of  siliceous  grit  and  purple  or  gray  shale,  the 
grits  conaiating  of  sand  set  in  a  chalcedonic  cement,  and  forming  a 
very  hard  rock  which  has  usually  a  pale  pink  colour.  No  fossils 
have  yet  been  found  in  them.  The  Middle  or  Tuttle  Hill  quartz- 
ite consists  of  thick  beda  of  quartzitic  grit  with  very  little  shale, 
and  has  not  yielded  any  fossils.  The  Upper  or  Camp  Hill  quartzite 
is  a  much  more  varied  set  of  beds,  consisting  at  the  base  of  thin- 
hedded  glauconitic  grits,  followed  by  sandy  micaceous  shales  abont 
&0  feet  thick,  in  which  are  two  notable  beds,  one  a  pebble  bed  or 
conglomerate,  and  the  other  a  bed  of  red  limestone  about  2  feet 
thick.     Above  the  shaly  beds  is  a  mass  of  purple  false-bedded 


.V  Google 


THE  CAHBBIAN  STSTEU  85 

quartzitic  saadBtone  containing  man^  grains  of  gUuconite  Had  about 
SO  feet  tbick. 

The  limeatoneand  aaBociat«d  red  ahalea  have  yielded  several  species 
of  Hyolithes  and  of  Orthotktea,  with  Stetwtheca  rugnm,  Goleoloidei 
tj/picalit,  Kiitwgina  eingntala  and  Iphidia  lairadonea,  and  Orihinna 
trammrta.  The  facies  of  the  fauna  is  that  of  the  Lower  Cambrian 
or  Oletteliiu  zone,  thoi^h  no  trilobitea  have  ;et  been  found. 

The  Blialy  DlvisioD  ^pper  Oambrlan). — In  the  MalTem 
area  this  is  over  2000  feet  thick,  and  u  divisible  into  two  parts. 
The  lower,  BOO  feet,  are  black  ahalea  with  bonda  of  basaltic  lava 
which  have  generallj  been  regarded  aa  contemporaneous  lava-flowB, 
but  which  Professor  Groom  finds  to  be  intrusive  sills.  These  shales 
have  yielded  OUmtt  (Pdtvta)  KaTobaoidM,  Ctenopyge  biwlcata, 
Agw>et%a  trUectut,  Sphcrrophthalmtu  alatui,  etc — species  which  are 
charact«ri9tic  of  the  Lower  Doigelly  beds  of  North  Wales.  Several 
genera  of  Foraminifera  have  also  been  found  by  Professor  Oroom  in 
these  shales,  and  identified  by  Mr.  F.  Chapman.  The  upper  part 
of  the  Malvern  shales  is  composed  of  bluish  or  yellowish  gray 
shales,  with  many  intrusive  sills  of  basalt  and  dial»se.  Professor 
Oroom"  finds  them  to  be  of  much  greater  thickness  than  was 
previously  supposed,  and  &om  his  section,  reproduced  in  Fig.  16, 
it  will  be  seen  that  they  are  at  least  1300  feet  thick.  Their 
highest  beds  contain  Ditiyonema  todale,  Agnoetiu  dua^  Ch^mtnu 
Frtderiei,  Acrotreta  iSa&rtnte,  with  species  of  Aiaphu  and  OUrmt,\ 
moat  probably  they  are  of  Lower  Tremadoc  age.  No  representatives 
of  the  Menevian,  Maentwrog,  or  Ffestiniog  beds  have  yet  been 
recognised,  but  Professor  Oroom  is  of  opinion  that  the  boundary 
between  the  Hollybush  sandstone  and  the  Malvern  shales  is 
everywhere  a  faulted  one,  so  that  beds  of  intermediate  age  may  be 
faulted  out 

In  Shropshire  the  Shinelon  thaltt  occupy  a  tract  two  miles 
broad  in  the  valley  of  the  Severn  by  Shineton  and  Cressage,  and 
they  extend  both  to  the  north-east  and  south-west  (see  map,  Fig. 
7).  They  also  occur  at  Pedwardine,  and  again  in  a  long  narrow 
strip  on  the  west  side  of  the  Longraynd,  where  they  underlie 
the  Arenig  beds  of  the  Stipec  Stones.  Their  true  age  was  firat 
made  known  by  Dr.  Ch.  Callaway,^^  who  discovered  in  them  fossils 
of  Upper  Cambrian  types.  He  describes  them  as  soft,  iUsile, 
micaceous  shales  of  a  dark  blue  colour,  weathering  to  olive-green 
and  yellow.  Their  base  is  not  seen,  and  their  junction  with  the 
Comley  sandstone  appears  to  be  a  fault,  so  that  here,  as  at  Malvern, 
the  central  port  of  the  Cambrian  syst«m  seems  to  be  missing.  The 
lowest  beds  contain  Dictyonmria.  The  highest  beds  are  more 
foesitiferous  and  have  yielded  many  trilobites,  including  Eutonia 
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numiit,  OUntai  Salttri,  AiopKellut  Homfrayi,  A.  Orofti,  Conophryi 
talopiauu,  and  Lichapygt  cwpidtUa,  with  tha  Cy stidean  MaeroeyeUlla 
Maria.  The  httal  thickiieM  ia  estimated  at  about  1500  feet  and 
the  beds  are  clearly  of  Tremadoc  age. 

Passing  again  to  Nuneaton,  whei«  the  Hartahill  quartzite  U 
Bttcceeded  by  the  Stockingford  shales,  we  have  what  appears  to  be  a 
complete  aucceasion  without  break  or  faulting.  Professor  Lapworth 
has  divided  the  shaly  eeriea  into  three  groups,  of  which  the 
following  is  a  brief  description,  taking  them  in  descending  order  :■ — 

Upper  or  Merevaie  ShaUa. — Only  seen  near  Herevale,  and  consiatinf  of 

groenlsh-gTay  ahaUa  ia  which  Dictyimema  is  abnodaut.     The  thick- 

Bsas  eipiwad  may  be  200  feet. 
Middle  or  OldlniTy  Shales, — Black  shales,  with  some  bands  of  gray  absle  ; 

in  highest  beds  ue  Sp/unrapJUJiahnus  alalua  and  Ctenopyge  peeien ; 

in  the  lower  Agnoitiu  pUi/ormia,  OJena*  Salteri,  Beyrichia  Angelini, 

and  a  Linguiella.     Thiokness  probably  800  feeL 
Loioer  or  Parley  Shaier. — Keddish-ptirpla  mndstonea  and  shales,  with 

some  green  and  gray  bands,  containing  minute  LiTiffolella,  Oboleila 

iagiiiali3,  AcrolheU  graitulaia,  and  a  Uojiocorypht,     Thickness  about 

600  feat 

The  fauna  of  the  Piirley  shales  is  comparable  with  that 
of  the  ConoeoryjAe  ejTularu  zone  of  Sweden,  which  belongs  to  the 
Paradoxidtt  division  and  ia  homotaxial  with  our  Menevian  series. 
The  black  Oldhury  shales  are  comparable  with  the  black  shales 
of  Malvern  and  the  Lower  Dolgellj  beds.  The  Merevale  shales 
appear  to  represent  the  lowest  port  of  the  Shineton  shales  and  of 
the  Malvern  gray  shale.  No  horizon  comparable  with  the  mass  of 
Lingula  flags  has  been  recognised,  bat  this  may  be  due  to  the 
scarcity  of  fossils  in  the  lower  part  of  the  Oldbury  shales. 

A  tabular  correlation  of  the  Midland  Cambrian  beds  is  given  on 
pageSfl. 

4.   LakeVittrict 

In  the  northern  part  of  the  Lake  District  around  Skiddaw 
Mountain,  Derwent,  and  Crummock  Waters  there  is  a  great  thick- 
ness of  dark-coloured  slates,  with  bands  of  hard  grit  and  occasional 
beds  of  conglomerate.  To  these  beds  Sedgwick  gave  the  name  of 
Skiddaw  slates  ;  the  higher  portion  of  tbem  is  of  Ordovician 
(Areuig)  age,  but  the  lower  part  is  Cambrian  (I^madoc  and  Lingula 
flagsX  1^6  Cambrian  age  of  this  portion  was  suspected  by  Sedgwick 
and  maintained  by  Clifton  Ward,  but  not  till  1894  was  this  view 
confirmed  by  good  pabeontolt^cal  evidence.'^ 

Mr.  Wai^  look  a  certain  band  of  grit  occurring  north  of  Skiddaw 
as  the  base  of  the  Arenig  series  and  identified  with  it  certain  flaggy 
grits  near  Buttermere.    This  view  ma;  be  generally  correct ;  but  it 
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I  to  make  all  the  western  part  of  the  dietrict  to  connet  of 
Cambrian  rocks,  yet  there  are  localities 
within  this  western  area  which  have  yielded 
AT«nig  graptolites. 

Mr.  Marr  remarks  that  "  an  examination 
■$  of  the  Skiddaw  slate  series  shows  that  it  ia  a 

I  g^up  of  deposita  of  great  diversity  of  chai^ 

5     I       acter  folded  violently  on  a  large  and  smaU 

5  1  j  scale  ;  the  uppermost  beds,  which  are  fossU- 
"1      si.     'f^rou^i  represent  part  of  iJie  Tremadoc  and 

6  e  c  the  whole  of  the  Arenig  Beries  of  North 
I  |«  Wales.  These  beds  are  folded  in  boat- 
I     ^^     shaped  synclines  among  what  is  probably  a 

1  ^  ^  very  much  greater  thickness  of  older  rocks, 
g  the  palseontology  of  which  is  practically  un- 

0  known.     It  yet  remains  to  discover  the  ages 

2  of  these  rocks,  forming  perhaps  the  greater 
g  .  bulk  of  the  Skiddaw  slate  formation,  and 
Us  £  this  ia  a  task  which  may  well  occupy  the 
■•^3  g'  attention  of  local  geologists  for  many  years 
^;  III  K,  come. 

2 1  ■zss  The  only  locality  indeed  where  graptolitea 
^  S  I  S.i  ^^  Tremadoc  species  have  yet  been  found  is 
g|  ^^^  Barth  near  Keswick,  and  the  forms  enmner- 
gjl  ^.aj  ated  by  Misa  G.  L.  EUes  in  1698  arc  Bryo- 
^  graptus    Kjentlfi,    B.    JVHBiwtM,    B.    Cailavei, 

P  Cloncgraptta  teiieUtu,  and  CL  fexUit. 

c  G.  Scotland 

"  ^t  '°  '^^  north-west  of  Scotland  Cambrian 

1  '^  rocks  flank  the  eastern  side  of  the  tract 
"i  g_  occupied  by  the  Lewisian  gneiBs  and  Torri- 

%  IS     ^=     donian  sandstone,  all  the  way  from  Durness 

I  ?     ^.     and  Eriboll  on  the  north  coast  of  Sutherland 

^  ^      ^^    down  to  the  island  of  Skye.      Before  the 

5j  discovery  of  OUiuUui  in  these  rocks  they 

^  were  supposed  to  be  of  Ordovician  age. 

In  the  north  of  Sutherland  there  are  two 

tracts  of  Cambrian,  the  relative  positions  of 

i  which  are  shown    in   Fig.  20.      The  beds 

of  the   Burness  area   are  arranged  in  the 

form  of  a  hasin  truncated  on  the  eastern  side  by  a  fault  which 

brings   them    against    the    Archsan   gneisa ;   on    the    west    they 


i 
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are  seen  to  rest  uaconformably  on  thb  gneiss  and  on  the  red 
Torridon.  mndfitone.  The  Durness  basin  is  separated  from  that  of 
Loch  Eriboll  by  a  prominent  ridge  of  Archsean  gneiss,  which,  how- 
ever, bears  an  outlier  of  the  Otdovician  basement  beds.  The 
Eriboll  area  exhibits  the  same  series  aa  that  of  Durness,  hut  they 
are  cruahed  and  iaulted  in  a  remarkable  manner,  and  are  cut  off 
on  the  east  bj  a  thruit-plane,  which  actuallj  carries  some  of  the 
Archtcan  gneiss  over  the  newer  Ordovician  aeries,  so  that  here  the 
ordinary  test  of  age  by  superposition  becomes  useless. 

Before  the  existence  of  this  thrust-plane  was  realised  the 
structure  of  the  northern  Highlands  was  completely  misunderstood 
and  the  eastern  gneiss  was  supposed  to  he  newer  than  the 
foasiliferous  rocks  of  Loch  EriboU.  It  was  not  till  1883  that  the 
accuracy  of  Niool's  view  was  demonstrated  hy  Professor  Lapworth 
(Gtol.  Mag.  Dec.  2,  vol  x.  p.  120). 

The  total  thickness  of  the  beds  composing  the  Cambrian  system 
of  Scotland  is  estimated  as  at  least  2000  feet,  hut  the  upper  limit 
is  not  reached,  being  everywhere  concealed  beneath  tbe  masses  of 
crushed  and  sheared  rock  which  have  been  carried  westward  on  to 
and  over  the  Cambrian  strata.  The  exposed  portion  is  divisible  into 
two  series,  an  arenaceous  below  and  a  calcareous  aeries  above.  These 
can  also  he  subdivided  as  follows  : — 

!!t.  Oray  limestooaa,  some  dark  and  some  light  f^y,  gronped 
into  three  stages  ;  many  fossila  throughout. 
2.  Dolomitie  limestoneB,  gray,  white,  mattlM,  and  pink,  with 
some  beds  of  chert.      The  Sangomore  and  Sailmhor 
groups.      Few  fossils. 
1.  Argillaceous  limestones,  white  and  gray,  seme  massive 
and  some  flaggy.     No  fossils  except  Sai/crella, 
(3.  Doloinitio  grits  with   Salierelia  (Serpniite  grit),   with 
calcareous  mudstones  (Fucoid  beds)  below.     30  feet. 
2.  Fuie-grained  quartritea   perfoiatsd   by  worm   burrows 
(pi^  lock).  ^300  feet' 
1.  Coarse  fla^  RriU  and  qaartzitcs,  with  a  basement  bed 
of  brecciated  conglomorate.     20D  feet. 

The  most  abundant  fossils  in  the  Durness  limestone  are 
Cephalopoda— OywewoJ,  Pilocerae,  lAiuita,  and  Nautilus.  Next 
in  number  are  Gastropoda,  hut  bivalves  (Lamellibranchia  and 
Brachiopoda)  are  not  rare.  The  coral  ATchaaqfathui  is  of  fre- 
quent occurrence,  as  are  also  sponges  of  the  genus  Caiathium  or 
Arehaoteyphut. 

In  1691  fragments  of  Olendlut  (0.  Lapteorthij  and  specimens  of 
HyoHtheM  were  found  in  the  Serpulite  grits  and  Fucojcl  beds  of 
Rosa,  proving  them  to  be  of  Lower  Cambrian  age.  Hence  it  is 
probable  that  the  lower  part  of  the  Calcareous  series  is  of  Uiddle 
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Cuubiian  e^  (Poradoxidian),  but  the  higher  and  more  fotailiferous 
part  ia  of  Upper  Cambrian  age,  corresponding  to  the  Upper  Lingnla 
flags  and  Tremadoc  elates  of  WaJes. 

Still  mure  recently  the  Cambrian  succession  in  Skje  has  been 
worked  out  by  Mr.  C.  T.  Clough,  who  found  that  the  same  subdivision 
could  be  made  aa  iii  Durneaa.  Moreover,  the  Olenellas  buna  wag 
again  discovered  in  the  Fucoid  beds  at  Tokavaig  and  OnL  No 
fossils,  however,  could  be  found  in  the  lower  part  of  the  Dnmeas 
limestone,  the  thickness  of  which  to  the  top  of  the  Sailmhor  group 
Ifr.  Clough  estimates  at  830  feet.  But  higher  beds  are  found  in 
Strath,  and  in  1698  these  yielded  many  fossils,  including  OniotMum 
and  Archaoscyphia ;  a  trilohite  of  the  genus  Solcnupleum  ;  Orthiuma 
foAvnata,  and  0.  striatula;  a  bivalve,  Ev(hawma  BlvTomhaehia ; 
Species  of  PUarolomaria,  Murchitonia,  Maelurea,  and  Holopea,  with 
Filoecrat,  Orlhocerai,  and  TrocholiUs. 


6.  Irdand 

Rocks  which  may  be  of  Cambrian  age  occur  in  the  counties  of 
DubliD,  Wicklow,  and  Wexford,  bat  as  they  have  yielded  no  fossils 
except  worm  tracks,  the  burrows  known  as  Sutioderma  and  the 
wrinkled  Duirkings  called  Oldhania,  their  exact  age  is  a  matter  of 
nucertainty,  and  they  are  thought  by  some  to  be  of  the  same  age  as 
the  rocks  of  the  Longmynd,  i.e.  Pre -Cambrian. 

A  good  section  ia  presented  by  tlie  clil&  at  Bray  Head  (13 
miles  south-east  of  Dublin).  Here,  at  the  northern  end,  are  red, 
purple,  and  green  slates  and  grits,  succeeded  on  tilt  south  by 
alternating  grits  and  shales.  The  beds  are  bent  into  numerous 
sharp  folds,  so  that  the  real  thickness  is  much  leas  than  appean 
at  first  sight  Jukes  and  Du  Noyer  estimated  the  exposed 
succession  at  between  3000  and  4000  feet,  but  the  base  is  not 
shown,  neither  is  the  top  actually  visible.  These  rocks  are  alao  well 
exposed  on  the  coast  of  Howth,  east  of  Dublin,  where  they  include 
some  remarkable  breccias,  but  their  base  ia  not  seen. 


7.   Oontit\enial  EgaivalenU 

Rocks  of  Canibrian  age  and  more  or  less  resembling  those  of 
England  and  Wales  have  been  discovered  in  Spain,  in  Southern 
Fnuice  (Languedoc),  in  the  Ardennes  (borders  of  France  and 
Belgium),  and  in  Bohemia.  Students  cannot  be  expected  to 
master  the  details  of  all  these  are&s,  hut  it  is  necessary  that  they 
should  know  something   of    the    remarkable    eet    of    Cambrian 
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depoeita  which  eiista  in  Norway,  Sweden,  and  Northern  Busaia, 
for  in  these  couatriea-the  Cambrian  strata  occur  in  broad,  flat- 
lyii^  Rheeti  bb  originallj  depoBited,  and  are  lo  little  altered  that 
they  have  more  the  aspect  of  our  Mesozoic  claya,  shales,  and  sand- 
atones  than  of  Paheozoic  rocka.  Moreover,  thoae  of  Scandinavia 
present  a  complete  auccession  of  highly  fossiliferous  beds,  aod  yet 
their  thickneas  is  only  a  few  hundred  feet 

SoandlnaTiay — It  is  interesting  to  note  that,  aa  in  England, 
the  Cambrian  aeriea  of  this  region  consists  everywhere  of  a.  loner 
arenaceoua  division  and  an  upper  ai^illAceoua  division,  the  lower 
being  from  300  to  SSO  feet  thick  and  the  upper  from  200  to 
400  feet.  The  ayatem  ia  most  fully  developed  in  Sweden,  and 
especially  in  the  districts  of  Scania  and  Westrogothiit,  where 
there  is  the  following  aucceation  in  descending  order  (slightly 
altered  from  Linnsreson  and  Brogger), 

IV.  Pamage  btd»  (thickness  about  GO  feet^Tremadoc). 

2.  Ceratopjga  limestoQe,  with  C.  farfieala. 

1.  Dictyograptus  ahalsa,  with  DvAyogm^va  and  OhoUUa  Sallrri. 
111.  OUntu  ihalea  in  emea  zones,  with  three  bands  of  limestone,  thick- 
ness from  70  t«  200  feet-Lingula  flags. 

Zones  4  to7coDtain  Parabolitia  ipintileia  and  Oteaua  (I'eltara) 

xaraiiKoUiai. 
Zone  8  coutaina  Be/frichia  Angelini  aad  Agiuntti*  cyUom/ge, 
Zonea  2  and  1  have  OUnta  truneatita,  0.  gUAotva,  and  Ag. 

pisi/ormia. 
If.  T'artu^iiJeitAa^,  divisible  into  throe  I'riticijwl  zones,  and  fram  80  to 

160  feet  thieli.      HomoUxial  with  Menevian  and  Solva 

beda. 

3.  The  Androrum  1im<;stone  with  B  feet  of  ahale  above  ;  AgrvMul 

lavlgatia,  Faradacida  FordUiamvieri,  and  Orlkis  Hiekti. 

2.  Zone  of  Par.  Daoidii  and  Par.  6landiaa. 

1.  Zone  of  Par.   Teatini  with  the  eisulans  limestone  at  base 

containing  Conecmyphe  arsulnm  and  Par,  palpebrosaa. 
I.  OUnelllu  beds,  chiefly  aandstonas  liomotaxial  with  ttie  Hartshill 
quartzite  and  Caerfsi  beds,  3fiO  to  GGO  feet. 

3.  8andy  shales  with  Olmdliii  KjtriUfi  and  Arionflhia  /iriiiuevui 

[5  to  10  feet). 

2.  Fucoid  sundHtoue  with  OboUlla favosa,  200  to  3G0  feet. 

I.  Eophyton  aandstone   with   Mukaitziit  moiiili/era  and  the 
markings  called  Sopkytim  and  CruHana,  150  to  300  feet 

The  basal  sandstones  rest  uncouformably  upon  the  Archcean 


—In  the  Baltic  provinces  of  Russia  there  is  a  atill 
more  remarkable  development  of  the  Cambrian  system.  The 
arenaceoDa  division  is  partly  replaced  by  blue  clay,  and  the  black 
tcilobite  shales  are  absent.     The  succession  is  as  follows  : — 
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0.  OlftucoDitie  sand  with  Obelus  and  SipJumetrela  ■  .10 
6.  Shales  with  IXcigograplia  and  Bryograplia  ....  20 
i.  The   Ungtilits  sandatone   full    of   Obolue   Apollinii  and  other 

miniita  Brschiopods 4 

3.  Alternating  claya    and   sandet^iDea    with    OUiKllut    Mickwil:^, 

MielaoUiia  monil^era,  and  a  Scenelia 60 

2.  The  bine  claj,  withont  fossils 300 

1.  FeiTuginolu  sandstones,  resting  on  granitoid  rock  300 


Professor  F,  Schmidt  has  pointed  out  that  the  base  of  the  Ungolite 
sandstone  is  sharplj  divided  from  the  beds  below,  and  sometimes 
contains  pebbles  derived  from  them.  Hence  there  appears  to  be 
a  gap  at  this  point,  which  will  account  for  the  complete  absence 
of  any  representatives  of  the  Paradoxides  and  Olenus  shales, 
unlee«  the  thin  band  of  Ungulite  sandstone  is  a  partial  equivalent 
of  the  latter.  The  underljing  clays  and  sandstones  are  evidently 
the  equivalents  of  the  Fucoid  and  Eophyton  sandstones,  while  the 
two  highest  members  aie  comparable  with  the  beds  which  occupy 
the  same  position  in  Sweden. 

CoNTEMPOBARV  Volcanic  Rocks 

It  has  been  mentioned  on  p.  SI  that  Sir  A.  Geikie  does  not 
believe  that  the  so-called  basal  conglomerates  in  Wales  are  really 
unconformable  to  the  underlying  volcanic  rocks,  and  consequently 
he  considers  the  latter  to  be  of  Cambrian  age.  As  they  were  only 
briefly  referred  to  under  the  head  of  Fre-Caiubrian,  a  few  more 
particulars  may  here  be  given  concerning  them. 

Near  St.  Davids  the  predominant  members  are  volcanic  tuffs, 
varjring  in  colour  from  purple  and  red  to  pink,  gKen,  and  yellow, 
and  varying  in  texture  from  coarse  a^lomerates  to  fine  silky 
schists,  in  which  the  original  tufaceous  character  is  almost  obliterated 
by  the  superinduced  schistosity.  The  majority  are  of  a  basic  nature 
with  about  50  per  cent  of  silica,  but  many  contain  fragments  of 
more  acidic  lavas.  With  these  tuffs  and  agglomerates  are  inter- 
bedded  sheeta  of  basic  lava  (diabase),  and  these  sheets  thicken  to 
the  south-west  as  if  the  main  vents  lay  in  that  direction.'*  There 
are  also  intrusions  of  both  basic  and  acidic  lava. 

In  Caernarvonshire  the  oldest  rocks  are  quartz  porphyries  (or 
rhyoliles),  and  these  are  succeeded  by  conglomerates,  cleaved  tufb, 
and  other  sediments  which  enclose  much  volcanic  material,  but 
no  actual  lava-flows  have  been  detected. 

In  Merionethshire  the  great  volcanic  outbursts  of  the  Ordovician 
period  were  preceded  by  eruptions  in  Upper  Cambrian  times.  *^ 
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Messrs.  Lake  aud  Bejuolda  have  traced  a  band  of  n.tiijiHtit,iiN>A-lfiOBN'b.^ 

the  Upper  Lingula  flags  near  Dolgelly,  and  also  a  rhyolite  reating 

on  the  summit  of  the  Tremadoc  slates.     Again  in  the  great  mass 

of  Rhobell  Fawr  (see  map,  Fig.  14),  which  rises  to  a  height  of  2400 

feet,  volcanic  agglomerates  and  Cuffs  rest  on  the  highest  Lingula  flags 

and  appear  to  take  the  place  locally  of  the  whole  Tremadoc  series. 

The  rock-frt^ments  in  the  agglomerates  are  ckiefiy  of  andesitic  lava, 

some  basaltic  and  some  trachytic,  and  there  are  associated  intrusive 

aills  of  similar  material. 

PHTstCAL  Geoqr&pby  of  the  Period 

Any  attempt  to  restore  the  geographical  conditions  of  the  early 
PalEeozoic  periods,  to  realise  the  general  position  of  the  land  areas, 
and  conaequently  the  limits  of  the  sea,  must  always  be  a  task  of 
great  difficulty.  The  rocks  which  we  can  study  are  as  a  rule  only 
so  many  isolated  portions  of  some  ancient  sea-floor,  and  the  traces 
of  contempotaneous  land  are  only  to  be  looked  for  where  some 
particular  set  of  strata  is  wanting,  and  where  there  is  consequently 
B  gap  in  the  succession.  But  there  are  such  large  areas  where  the 
rocks  of  the  earlier  systems  are  bnried  deep  beneath  those  of 
newer  times,  that  the  evidence  is  generally  of  a  slender  and 
fragmentary  nature. ' 

Nevertheless  wherever  rocks  of  Lower  Paleozoic  age  con  be  traced 
over  a  considerable  area,  some  indications  of  the  direction  from  which 
the  sediment  was  transported  can  generally  be  found,  and  this  is 
certainly  a  point  which  the  student  of  Faleeozoic  rockEi  should 
have  before  his  mind.  Present  attempts  at  definite  geographical 
restoration  must  be  tentative  and  more  or  less  hypothetical,  but 
they  are  useful  as  helping  to  tix  certain  facts  in  the  mind,  and 
more  evidence  will  be  obtained  as  freeh  discoveries  are  made,  and 
these  may  eventually  enable  us  to  form  fairly  definite  ideas  of  the 
varying  phases  of  European  geography  during  early  Paleozoic  time. 

It  will  therefore  be  worth  while  mentioning  such  evidence  as 
we  possess  at  the  present  time  for  answering  the  question,  Where 
was  the  land  which  furnished  the  materials  of  the  Cambrian  rocks 
of  Britain ) 

In  the  first  place  some  general  considerations  are  suggested  by 
a  comparison  of  the  deposits  in  Wales,  England,  Sweden,  and 
Russia.  The  enormous  thickness  of  the  Welsh  Cambrians,  which 
have  a  maximum  thickness  of  about  11,000  feet,  as  compared  with 
a  possible  3000  feet  in  Warwickshire,  less  than  1000  feet  in 
Sweden,  and  only  6S0  feet  in  Russia,  is  a  point  of  great  significance  ; 
bat  the  inference  to  be  drawn  from  these  figures  depends  on  other 
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■tratigraphical  &ctB.  If  the  lower  beds  were  not  represented  in  the 
Swedish  and  Ruuian  gucceaeion,  it  might  be  inferred  that  the  north 
of  Europe  waa  a  land  area  during  the  earlier  part  of  the  period,  and 
was  gradually  submerged  b;  the  waters  of  a  eea  which  spread  over 
it  from  the  south-west,  and  this  view  was  actually  suggested  in 
1876  before  the  Oltndlm  fauna  was  recognised  in  Europe.  The 
bets  as  we  now  know  them,  however,  will  not  allow  of  such  an 
inference  ;  the  Swedish  succession  is  as  complete  as  that  of  Warwick- 
shire or  South  Wales,  and  the  difference  in  thickness  is  caused 
mainly  by  the  great  increase  in  the  amount  of  sandy  material  in 
the  Cambrian  sediments  as  we  pass  from  east  to  west.  Moreover, 
'this  increase  of  sandy  material  shows  itself  not  only  in  the  lower 
or  arenaceous  division  (Lower  and  Middle  Cambrian),  but  also  in 
the  upper  division,  for  in  Wales  a  lai^e  part  of  the  Lingula  flags 
consists  of  flagstones  and  sandstones,  which  become  coarse  quartzose 
grits  as  they  are  followed  through  CBernarron. 

As  the  Swedish  geologist  Linnarsson  wrote  in  1676,  "The  facts 
rather  tend  to  show  that  most  of  the  Swedish  Cambrian  rocks  were 
deposited  in  a  deeper  sea  and  farther  from  bud  than  the  British." 
He  points  out  that  the  small  thickness  of  the  Olenus  beds  over  such 
a  large  area  in  Sweden  can  only  be  explained  on  this  view,  for  they 
are  so  thin  compared  with  the  Lingula  flags  of  Wales  that  the 
rate  at  which  sediment  was  accumulated  in  Wales  must  have  been 
fifty  or  sixty  times  as  rapid  as  it  was  in  Sweden.  This  must  have 
been  due  to  the  much  greater  proximity  of  land,  while  all  the  hcta 
connected  with  the  Upper  Cambrians  of  Sweden  lead  uH  to  infer 
that  they  were  deposited  in  a  deep  sea  and  far  from  land. 

We  may  therefore  safely  conclude  that,  so  far  as  the  British  area 
is  concerned,  the  land  from  which  the  greater  part  of  the  Cambrian 
sediments  was  derived  lay  to  the  west  of  Wales,  and  that  there  was 
a  wide  open  sea  to  the  eastward  stretching  &om  our  midland 
counties  across  the  North  Sea  and  Southern  Sweden  into  the  Baltic 
[OUYinces  of  Russia.  Further,  the  small  thickness  of  Lower 
Cambrian  in  Scotland  and  the  great  thickness  of  limestone  above 
it  prove  that  there  was  a  clear  and  open  eea  for  some  distance  is 
that  direction  also-  Hence  it  is  to  the  west  and  south-west  of 
Wales  that  we  may  look  for  indications  of  land,  and  we  shall  find 
that  there  are  at  least  two  districts  in  which  such  indications  exist 

The  first  district  is  that  of  Anglesey  and  Caernarvon.  We  have 
seen  (pp.  81,  82)  that  when  the  Cambrian  rocks  are  traced  westward 
through  Caernarvon  tlieir  thickness  rapidly  diminishes,  the  lower 
beds  thinning  out  and  the  Tremadoc  beds  eventually  overlapping 
the  Lingula  flags,  till  in  Anglesey  they  rest  with  a  basal  con- 
glomerate on  the  Archfean  schists,  f'rom  these  facts  it  seems  a  neces- 
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niy  infereiice  that  Anglesej  was  part  of  a  land  area  tbronghont  the 
greater  portion  of  Cambrian  time,  and  further,  looking  to  the  great 
thickneBB  of  the  Cambrian  sedimentfi,  that  the  land  area  waB  of  a 
continental  nature,  with  lai^  rivers  carrying  down  the  detritus  of 
a  mountainoiu  country  on  which  Bubaerial  agenciea  were  activel;' 
at  work.  Aa  to  the  general  trend  of  this  land  we  can  be  fairly 
sure  that  ita  coaat-line  ran  either  westwaid  or  south-westward  from 
Caernarvon,  becaase  it  must  have  passed  well  outside  Pembrokeshire. 
If  the  Bray  Head  rocks  are  Pre-Cambrian  then  the  coast  probably 
lan  to  the  south-west  through  what  ia  now  the  Irish  Sea ;  but  if 
they  are  Cambrian,  as  seems  most  likely,  then  it  must  either  have 
passed  westward  to  the  north  of  Dublin,  or  else  Anglesey  was 
connected  with  a  land  that  Uy  to  the  north-west. 

The  second  district  is  Brittany,  where  no  Lower  Cajnbrian  fauna 
had  yet  been  found,'"  and  where  the  Upper  Cambrian  consiats  of  red 
and  purple  conglomeratea  and  pebbly  felspathic  gritstones,  which 
are  overlain  conformably  by  a  thick  mass  of  red  slates  without  foaeila. 
Both  divisions  are  thicket  in  the  south,  thinning  out  entirely  to 
the  north-west,  and  it  ia  only  eastward  on  the  borders  of  Mayenne 
and  Maine  that  they  pasa  into  ahales  and  sandstones  with  LingvUUa. 

Prom  this  we  may  infer  that  there  waa  a  tract  of  land  between 
Brittany  and  Ireland,  and  the  abaence  of  Cambrian  rocks  in 
Cornwall  makea  it  probable  that  it  included  much  of  that  county, 
and  that  its  coaat-line  may  have  stretched  thence  to  the  north-west 
till  it  curved  round  to  meet  a  more  northern  coast-line. 

If  diese  inferences  are  correct,  the  Cambrian  rocks  of  Wales  will 
have  been  deposited  in  a  broad  bay  or  strait  having  land  on  its 
south-western  and  north-western  aidea,  a  geographical  arrangement 
which  would  be  likely  to  favour  the  accumulation  of  a  thick  maaa 
of  sediment. 

1  On  the  "SilnTisD  Srstem  of  Booki,"  by  B.  I.  HarchisoD,  Plai.  Mag. 
thiid  seriss,  vol.  vii.  p.  46  (1S36). 

*  Oothe  "SilorUjiaiid  Cunbrion  Syatems, "  bj' Proreasor  Sedgwick  and  B.  I. 
HuTchlson,  Rep.  Brit.  Amoc  1935,  put  il.  p.  eS-Sl. 

'  On  the  "  Tripartite  Clsuificatlon  at  the  Lower  PbJsoioIc  Bocka,"  Qeol. 
Mag.  Dec.  2.  ™1.  vi.  p.  H  (1879). 

*  In  Zittel's  PaUemtiAogy,  English  edition  (1800),  vol.  I  p.  622. 

*  HiclCB  in  Quarf.  Joam.  Stol.  StK.  vol.  xivii.  p.  884,  and  voL  ziii. 
p.  39  ;  also  Popular  Sciaia  Rev.  1881. 

*  Quart.  Jaitra.  ami.  Sbc  vol.  lii.  p.  623. 

''  Ths  "Geology  of  North  WaJea,"  second  edition,  p.  186,  Mem.  OteL  Saney. 

*  See  Professor  Hughes,  Quart.  Joiem.  QcU.  Soc  vol.  ixiiv.  p.  1S7,  vol. 
XEtT.  p.  628,  and  Proe.  Oeol.  Aaac  vol.  viii.  p.  199. 

■  Bea  Quori.  Joum.  OeoL  Soc  voL  iixvi.  p.  238  {18S0). 
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"  Professor  Lapworth'g  "Gtwlogy  of  the  Birraingham  DiBtrict,"  /"roc  Oeol. 
Alloc,  voL  XT.  p.  313,  ■  memoir  which  shoulil  be  consulted  hj  ever;  staileat. 

"  See  Profeaeor  Groom  In  Quart  Jmtrn.  Oeol.  Soc  vol.  It.  p.  IS7  tt  aeq. 
(1S96). 

1"  Dr.  C,  CfllUwuy  in  vol.  miii  p.  662  (1877). 

"  J.  K  MuT,  "  Xotea  on  the  Skiddaw  Slates,"  OeoL  Mag.  wr.  i,  vol.  j. 
p.  122. 

"  Geikie's  AiKunl  \'olcauofs  ofGrtat  Brilaia,  vol.  i.  p.  152. 

'"  Mbsbts.  Lake  and  Reynolds  in  Quart,  Joiirn,  Geol.  Soc.  vol.  lii.  p.  511. 

"  See  DeLappareat'sTVntUi/eOMi^ie,  fourth  edition  (1900),  and  Barroia's 
"Geology  of  CenlmlBrittaD J,"  Proc  UtU,  Aanoc.  vol.  ivi.  p.  101, 
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CHAPTER   VIII 

THE  ORDOVICIAN  SYSTEM 

Nomenclature. — The  grounds  on  which  this  system  has  been 
eatablished  have  already  been  explained  (see  p.  65).  It  is  the 
Upfbr  Cakbrian  of  Sedgwick  and  the  Lowek  Silitrian  of 
Morchisoii  and  the  Geological  Survey.  In  the  British  Isles  it 
is  divisible  into  three  aeries  of  strata  : — 

S.  Upps)*  OrdovicisQ  or  Bala  series. 

2.  Middle  Ordovician  or  Llsnd^o  series. 

1.  LawsT  OrdoTician  or  Arenig  serisa. 

The  names  ai«  taken  from  places  in  Wales  where  the  seveTal 
series  are  well  developed,  i.e.  the  Arenig  Mountains  in  Merioneth, 
the  town  of  Llsndeilo  in  Caermarthenshire,  and  the  town  of  Bala 
in  Merioneth.  This  succession  was  Bret  established  in  North 
Wales  bj  Sedgwick.  Fart  of  it  was  studied  at  the  same  time  in 
Shropshire  and  Caeftnarthen  by  Murchison,  who  described  the  local 
equivalents  of  the  Bala  series  under  the  name  of  Cacadoc 
sandstone,  and  after  their  identity  had  been  demonstrated  the 
beds  were  for  a  time  called  the  Bala  and  Coradoc  seriea 


Life  of  the  Period 

The  line  of  separation  between  the  Cambrian  and  Ordovician 
systems  is  drawn  at  the  base  of  the  Arenig  rocks  in  Wales,  because 
there  is  a  palieontological  break  between  them  and  the  Tremadoc 
slates ;  no  fewer  than  40  new  genera  and  133  new  species  appear 
in  the  Arenig,  while  only  23  genera  and  16  species  pass  up  from 
the  Tremadoc  It  is  true  there  is  a  similar  break  between  the 
Arenig  and  IJandeilo  faunas,  only  9  species  passing  from  one  to 
the  other ;  but  the  two  series  are  united  by  having  many  genera 
97  H 
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of  graptolites  and  trilobitee  in  common,  the  geneial  aspect  of  the 
Arenig  and  Llandeilo  fossils  being  in  fact  very  Bimilar. 

Taken  as  a  whole,  the  special  featnrea  of  the  Ordovician  fauna 
are — (1)  the  abundance  of  compound  gniptolitea  belonging  to  the 
families  Dicliograplida,  Diceliograjitida,  GlomograpUdtt,  LepUyrap- 
tidm,  and  IHplograptida.  Of  these  the  first  includes  the  following 
genera^  LHehograptut,  TetragTaptut,  Didymograptiu,  and  Phyllo- 
ffraptiu ;  in  the  Dicellograptidio  are  DUtUagraptut  and  Dicrano- 
grapttu.    The  Glossograptidte  include  Oloisograptus  and  Latiograptv*. 


ir^-^k    ^ 


■i,  DhlimogAptiu  glbberulua.  4.  PhyUognplui  typus. 

6.  Tetiagnptui  brronMdea. 

The  Leptograptidn  include  Leptoffraptai  and  Come^^pttUf  while 
Diplograptxu,  Cryplograptai,  and  Climacograptut  belong  td  the  Dip- 
lograptidEe. 

(2)  The  appearance  of  many  new  trilobite  genera — *i^lina. 
AddagpU,  Ampyx,  *Am,phion,  Attphut,  Galymene,  Ckeirumu,  Eneri- 
nurui,  *Harpa,  Homalonotiu,  Illantu,  Ltduu,  Phacops,  *Placoparia, 
ProSm,  Bemopleurida,  Stauroetphalut,  *Slygina,  and  TTtHveiau, 
those  with  an  asterisk  not  surviving  this  period. 

(3)  The  abundance  of  Cystideans,  eight  genera,  and  twenty-thne 
species,  in  the  Bala  group. 

(4)  The  abundance  of  Ortbidfe. 


.V  Google 


THE  OHDOVICIAN  STBTEM  99 

The  following  genera  of  Bracbiopoda  make  tbeir  appearance 
in  this  period — *Aerolreta,  Atrypa,  Ohtmela,  Leplama,  *OTtht»itia, 
ShynehimeUa,  Si^umotreta,  Spirifer,  Smphomena,  and  TrvpUtia. 

The  restriction  of  certain  species  of  graptolitea  to  certain  bonds 
of  rock  allows  of  the  establishment  of  zones  characterised  bj  gMups 
of  graptolites,  which  thus  become  valuable  aids  in  determining 
the  ^e  and  saccession  of  the  beds,  especiallj  where  these  are  folded 
and  faulted. 

The  following  are  the  principal  species  which  characterise  the 
several  divisions  of  the  Ordovician  system  ; — 

FomiU  1^  the  Lmoer  or  Artnig  Sniea 
HydrtKoa.       Tetragraptus  bryonoidea,  T.  sem,  TrigonogTaptui  tnmoatua, 
Ph;]li)grapli;s    typua,    Ph.    ongiutifoUua,    Diplwnptus 
dentatus,   D.  bimacronaCns,   Didjmograptiu  blGoiu,   D. 
patnlua,  GlopsograptuB  ciliatna. 


Hnomphkli 


CrmUuta.  Ogygia  Selwjni,  £gliDa  binodosa,  M.  caligiuosa,  Colfmen* 
MTvifrona,  Triaucleus  Gibbsi,  Flocoparia  cuubranaia, 
CaryocarlB  Wrighti. 

Brachiopoda.  LingtUa  att«nuita,  Monobolina  plumbea,  Orthls  alata. 

PtUeypoda.     Redonia  anglioa,  Paliearca  aniygaalns. 

Oattropoda.  Euomphalus  coradanBia,  Plemiitomaria  llanvimensis,  Conn- 
Urin  Homfnyi,  Eyolithea  (Thaca}  vaginnU. 

Ce/A/^opeda.  Orthoceras  sericenni. 

FbanU  0/  the  Middle  or  LUmdexlo  Stria 

na.DipIoi     „      . 
.    „      ,  .  1         <    Doryplegma,    Triplo- 

Foraminifera.  Saccamina  Garten. 

Bydrosea.  Didymograptna  Uurchiaoni,  Diplograptus  foliaceua,  Dic«11o- 
graptuB  divadcatus,  and  D.  sextans,  CnnograptuB  gracilia, 
DicruDograptDB  ramoanB,  and  D.  formnaus,  Climacogr«,ptus 
ccektos.  CI.  pRTeioavatua,  Qlosaogratops  Hinohsi. 

Crvdaeea.  Aaaphua  tyranuua,  O^eia  Bnchi,  Ampyi  nodus,  Trinuclens 
flmbriatua,  Anioatua  U'Coji,  Acidaapia  Jameal. 

Brachiopoda.  Lingula  brevis,  Orthis  alata,  O.  oonlinis,  Siphonotreta  micola 
(ranges  into  Bala). 

Lamellibranehia.  Uaolurea  Logani,  H.  magna,  Opliileta  conpacta,  Bel- 
lerophou  perturbatas  (passes  to  Bala). 

Cephalopoda.  Orthoceraa  AvelineL 
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X.  DldTuognptiii  HurehtaoDl 
!..  Aciaupis  Amsu  (IrlBh). 
c.  OrChk  aUta  (Arenig). 


1.  Cllnmcogmptos  bltoni 
i.  Dlcsllognptui  HitauE 
3.  Dicallc^nptni  Aexm. 
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fossils  of  Ike  Upper  or  Bala  Series 

AainoiBa.       FnvositeB  crassa,  AnlBcophyllmn  mitretam. 

HyArtaoa.       Climacofcraptus  WiUoai,  Dioranograptus  Clin^^ni,  Plenro- 

jrrapWfl  Unearis,  Dieellograptna  mceps,  D.  complanMus, 

D.  tnineatus,  Leplograptiia  flaoeiduB. 
Echinoderma.  Rhaphanocrimis  bosalis,   EchinospliEera  aurantiam,  SpheC' 

rooii  munitos,  3.  Litehi,  Hemicosmitas  rngatuB. 


Onulacea.       Trinuoleiu  conceutricuB,  T.   seticomis   IIIo'dub  Davisi,   I. 

Bowmanni,  Homalonotua  bisulcatus,  Phacaps  apicalatui, 

r.   BtDDgniarti,   LichaB  Ui&tue,    L,   hibernicus,   SUnro- 

cel^alus  clavifroiis  (  =  S.  globicepe). 
Bryoaa.         Moaticulipora  favulosa,  M.  petropolitana,  Pbyllopora  Hism- 

gori,  PtilodictvB  coBtellata. 
Braehiopoda.  Orthis  actonJEC,  0.  flabelluluiu,  O.  calligTamnia,  0.  biforsta, 


Lamittibratu3tia.  Ctsnodonta  Taricoaa,  Palauro  edmondiifonniB,  Modo- 
lopsia  obliqua,  M,  orbicularis. 

Oadrapoda.  Holop«a  concinna,  Cfclonema  crebristria,  Mnrchisonia 
simplex,  Baphiatoma  leDticalaria,  TentacuLiteti  anglicua, 
Ufolitbea  ('Hieca)  triangularia,  Bellerophon  noUosns. 

Ctphaiapoda.  Cjrtocsrai  souaz,  Orthocetas  vagani. 
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Bange  and  Relation  to  Rocks  below 

Where  the  Upper  Cambrian  serieii  eiisU  the  Ordovician  rocks 
are   generallj  found   in   conformable   sequence,  the  only  known 


exception  being  in  Merioneth,  where  fur  a  small  space  the  Arenig 
«eries  rests  on  the  Dolgellj  beds,  owing  probablj  to  a  conteni- 
poraoeoun  erosion  of  the  Tremadoc  shales. 

Ordovician  rocks  occupy  a  much  larger  areo  of  the  surface  botli 
in  Qreat  Britain  and  in  Ireland  than  do  the  Cambrian  rocks. 
Thus  in  Wales  they  form  a  continuous  tract  of  considerable  breadth 
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BtretcUng  from  Pembrokeabire  in  the  south  thvoi^h  Gaennuthen, 
Cardigan,  Bodnor,  Montgomery,  Merioneth,  and  Denbigh.  Passing 
eastward  beneath  the  lower  beds  of  the  Silarian  in  Moctgomety, 
they  rise  again  to  the  surface  in  Shropshire,  and  form  the  Comdon 
and  Caradoc  Uscts  on  either  side  of  the  Longtnjnd  Hills. 

Ordovician  fossils  were  found  by  Profeasor  Sedgwick  in  Cornwall, 
bat  the  stratigraphy  of  the  rocks  containing  them  has  not  yet  been 
worked  out 

Rocks  of  this  i^  occupy  a  large  part  of  the  Lake  I>istrict, 
where  they  were  first  studied  by  Sedgwick.  The  lele  of  Man  is 
an  isolated  fragment  of  this  Cumbrian  area,  while  to  the  east- 
ward, in  Yorkabire,  some  amall  inlying  eipoaures  occur,  proving 
the  extension  of  Ordovician  rocks  beneath  the  newer  strata  in  that 
direction. 

In  the  south  of  Scotland,  Ordovician  and  Silurian  rocks  range 
acroBs  from  Wigtown  to  Berwickshire,  and  form  the  mass  of  the 
southern  h^hlands,  their  northern  boundary  being  generally  the 
great  line  of  &ult  which  runs  from  Qirvan  in  Ayr  to  the 
lAmmermnir  Hills.  It  is  believed  that  strata  of  Ordovician  age 
are  included  among  the  metaiuorphic  rocks  of  the  central  highlands, 
bat  no  definite  succession  has  yet  been  made  oat  in  that  region. 

Ordovician  rocks  occur  in  many  partfi  of  Ireland  and  exhibit 
several  different  facie«,  one  of  these  fades  being  found  in  the  north- 
west (Oalway,  Mayo,  Donegal,  and  Londonderry),  another  in  the 
north-east  (Down,  Cavan,  and  Meath),  another  in  the  south-east 
(Wieklow,  Wexford,  and  Waterford,  with  extensions  into  Clare  and 
Tipperary). 

1.  South  Wakt 

In  South  Wales  the  areas  where  the  Ordovician  succession  is 
best  exposed  and  has  been  most  fully  investigated  are  the  western 
and  central  parts  of  Pembrokeshire,  near  St.  Davids  and 
Haverfordwest  (see  map,  Fig.  13,  p.  78). 

Arenig  Seiiee. — This  series  was  first  recognised  near  St.  Davids 
by  Dr.  Hicks,  who  divided  it  into  Lower,  Middle,  and  Upper  stages, 
and  estimated  its  total  thickness  at  about  4000  feet,  but  the 
ground  is  much  &ulted,  and  this  may  be  an  over-estimate. 

The  Lower  Arenig  consists  of  fine  black  slates  and  shales,  which 
are  best  exposed  in  Bamsey  Island,  where  tbey  have  yielded 
Didytiiograptvt  exltntui,  FhyUograrptui  ttdla,  Tri^onograptiu  ejiti- 
formit,  and  T.  trunealiu.  Some  of  the  same  beds  are  seen  in 
Wbitesand  Bay  on  the  mainland,  but  are  faulted  against  the 
Tremadoc  slates,  and  some  of  the  fossils  recorded  by  Dr.  Hicks  seem 
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to  have  been  obtained  from  the  Tremadoca  close  to  this  fault.  He 
belisTed  thia  group  to  be  about  1000  feet  thick. 

The  Middle  Arenig  beds  are  a  aeries  of  binck  slates  and  flag- 
stones with  some  beds  of  gritty  sandstone,  and  the;  have  yielded 
manj  of  the  oharacterigtic  Arenig  trilobitee,  Ogygia  pcUala,  ^Hjm 
grandit,  TrinitcUue  Gihbti,  ond  Ampyi  Salteri,  and  the  graptolites 
TelTogre^ptu*  s«rra,  T.  crvcialvi,  and  Didymograptvt  pcUulut. 

The  Upper  Arenig  consists  almost  entirely  of  fine  black  slaty 
shales  with  a  thickness  of  nearly  1500  feet.  Fossils  are  not  every- 
where common  nor  well  preserved,  but  a  quarry  at  Llanvim  has 
yielded  a  number  of  species,  including  many  trilobites  of  the 
genera  Placoparia,  Pfuicopi,  Triniieleua,  IltiBnta,  Galyrame,  and 
BarraTidia,  with  the  graptolites  Diphgraptv*  derdc^xtt,  Didymograptiit 
bifidat,  and  Olouograptnt  eUiatv*. 

Uandello  Seiiee. — North  of  St.  Davids  the  Llandeilo  flags 
succeed  the  Arenig  series,  and  were  divided  into  three  stages  by 
Dr.  Hicks  in  1876. 

Upper  stage — black  slates  and  flags,  with  Ogygia  B^tehi  .  1000 

Miadle  stage — oaloareoua  slatei  and  Bags,  tritiiAtapli'us  tyranjiiis 

and  IXplogrt^)tia /oliaixui 800 

Lower  stage — bUok  slates  and  feUpatliic  tuffs,  with  Didymo- 

graptua  Munhitoni COO-IOOO 

Aboat  2G0O 

The  Llandeilo  fl^s  are  found  again  to  the  south  of  the 
Arcbteaa  and  Cambrian  areas  near  Haverfordwest,  and  thence 
they  range  eastwards  through  Narberth,  Caermarthen,  and  Llandeilo. 
This  district  has  been  recently  examined  by  Messrs.  Marr  and 
Roberts,  who  establish  the  following  succession  : — * 

3.  Shales  with  I>icrani>graplv»  ramotMa  and  Ogyffia  Buchi. 
2.  Llandeilo  limestone  with  Aiaphia  lyrannus. 
1.  Shales  with  DidyTnograptwi  ^urchitoni. 

The  Llandeilo  limestone  is  best  seen  at  Narberth  and  Llandeilo, 
where  it  is  a  compact  black  limestone,  but  elsewhere  it  is  reduced 
to  a  line  of  calcareous  concretions.  Besides  the  Ataphju,  Trinueleu* 
fitTmt,  Calyment  cambrmtii,  I,epbma  seriaa,  and  a  few  eotols,  have 
been  found  in  it. 

Still  farther  east,  at  St  Clears  near  Caermarthen,  Professor 
Lapworth  found  a  good  exposure  of  black  shales  full  of  graptolites 
which  seem  to  be  of  Upper  Llandeilo  age.  The  species  are 
Dieranograptu*  formonu,  Diphgraptiu  foliaceia,  CUmaoograptiu 
catatuM,  QT^  G.  perexcavatui.  At  Pwllaca  near  Llandeilo  he  found 
the  Lower  Llandeilo  shales  with  Didymograptut  MvTcliiu(mi. 
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Bala  Series.— By  Haverfordwest  and  Norberth  the  Bala 
beds  succeed  the  Londeilo  shales,  one  passing  into  the  other,  the 
former  seriee  comprising  the  following  stages,  according  to  Messrs. 
MaiT  and  Boberta  ; — 

5.  Green   shftlea   with   calcareous  bands,  containing^ 

Phyllopora  Hiiriiigeri,  Trinudfua  acticomix  .  I 

■I.   Qra.y  tha\ee  y/itii  Phaaipi  Brongniarli    .  !- =  Dpper  Bala. 

3.  Sholeahook    limestoDC    with   AgTuatiu    IriruxiTa,  I 

FkUipsiiulla  parabola,  Slaurofxphalut  ciaei/rona  J 
2.  Robertson  Watben  limestone         ...  =  Bala  limestone. 

1.  Shales   with    Orthis    argentea    and    '^'i'^oiioiretol  _■■  n^, 

wiiaila / 

Murchison  describes  the  Bala  beds  near  Llandovery  as  consisting 
of  dark  sandy  sbales,  with  some  calcareous  bands  containing 
TrinueUut  uticomU  and  StawocephalvM  MuTchimni.  These  beds  are 
overlain  by  pebblj  beds  passing  up  into  rocks  with  Lower 
Llandovery  fossils.  It  is  evident  that  what  Hurchison  calls  Bala 
"beds  here  are  only  the  upper  port  of  that  series,  and  that  the 
Lower  Bala  stage  is  included  in  the  Llandeilo  of  the  Geoli^eal 
Survey  section.  When  the  graptolitca  are  carefully  collected  in 
this  district,  the  boundary  between  the  Llandeilo  and  Bala  series 
will  be  more  clearly  defined. 

2.   North   Waleg 

Arenltf  Series. — This  group  was  established  by  Profeeaor 
Sedgwick,  and  named  from  the  Arenig  Mountains  in  Merioneth, 
but  for  many  years  the  relations  of  the  Arenig  and  Tremadoc  series 
in  North  Wales  remained  very  uncertain.  Mr.  Salter  in  1863 
did  much  to  unravel  the  structure  of  the  Portmadoc  area  and 
Penrhyn  promontory,  but  it  was  not  till  1874-5  that  the  base  of 
the  Arenigs  was  finally  determined  and  followed  through  the 
typical  area  by  Sir  A.  Bamsay  and  other  members  of  the  Oeolc^cal 
Survey,^  They  then  found  that  a  bed  of  hard  felspathic  grit 
could  be  followed  all  round  the  Merioneth  anticline  at  the  base  of 
the  dark  Arenig  slates.  This  grit  is  known  as  the  Garth  grit,  from 
a  place  south-east  of  Tremadoc  (see  p.  B2). 

The  whole  scries  in  North  Wales  is  so  largely  interstratified 
with  volcanic  rocks  that  it  is  difficult  to  estimate  the  thickness  of 
the  sedimentary  beds,  but  in  the  Aran  Mountains  there  are  SOO  to 
600  feet  of  slates  between  the  Garth  grit  and  the  lowest  volcanic 
ashes,  and  probably  the  total  thickness  of  the  slates  is  from  1000 
.to  1  SOO  feet.  In  the  Aran  Mountains  the  thickness  of  the 
included  felstones  and  ash-beds   is  no   leas  than  6000  feet,  but 
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these  rocks  thin  airaj  northward  and  ore  little  over  1000  feet 
in  the  typical  Arenig  diBtrict. 

The  Arenig  heda  extend  from  Coder  Idria  on  tlie  south  through 
the  Aran  and  Arenig  Mountains  to  llanod  Mawr  and  Moelwjii 
on  the  north,  and  tlience  by  Treniadoo  westward  into  the  Lleyn 
promontory.  To  the  nortb-weat  they  paes  beneath  the  Snowdon 
range,  reappearing  on  the  western  side  of  that  and  the  Camedd 
Llewellyn  range,  and  they  are  found  again  in  Anglesey. 

One  of  the  best  localities  for  seeing  the  Arenig  beds  is  the 
promontory  of  Penrhyn,  through  which  a  flection  has  been  given 
(eee  Fig.  18).  The  position  of  the  Garth  grit,  which  is  not  more 
than  12  feet  thick,  is  there  shown,  with  the  overlying  black  slates 
of  Ty-Obrey,  from  which  many  fossils  have  been  obtained,  notably 


Hg.  SD.— BIOnOB  TBBOOOH -„ _, -„ 

of  the  auihon  and  tbe  Council  at  tlw  Qnol  Sac.). 
K.  Llnndstlo  gUbSK.  E.  Spottad  tiei  (ArenlO  vlth  Oaith 

H.F.F.  B(h1s  or  volcanic  leglDniFnte.  grit  (C)  at  biae. 

a.G.,  D.  Annig  a1a(«.  fi.  Tnmadoc  Ongs. 

the  trilobites  Calymene  paroifront,  Ataphvi  affimt,  jEglina  ealiginoia, 
and  tile  graptolites  Climacograptus  conferttu,  OlottOffrapttu  ciliaiut, 
and  Diplograptus  bimueronalui.  Above  these  are  ashy  elates  and 
ash-beds  passing  under  the  volcanic  series.  The  fossils  of  the 
black  slates  show  them  to  be  of  Upper  Arenig  age,  and  consequently 
there  is  only  the  Garth  grit  to  reprcflent  the  lower  beds,  but  Mr. 
Marr  informs  me  that  he  suflpeota  the  intermediate  beda  are  cat 
by  a  fault  running  along  the  strike.  This  view  finds  confirmation 
in  the  succession  found  in  the  Moelwyn  range  and  in  Manod  Mawr, 
where  the  beds  above  the  Garth  grit  consist  of  hard  spotted  flags 
overlain  by  slates  which  do  not  yield  the  fauna  of  the  Ty-Obrey 
beds,  but  contain  Tetragrapliit,  whicli  is  a  genus  characteristic  of  the 
Middle  Arenig. 

Still  farther  east,  near  Llyn  Serw,  Mr.  Williams  has  found^  that 
the  Garth  grit  rests  directly  on  the  Upper  Lingula  flags  (Dolgelly 
beds)  and  is  overlain  by  beds  containing  Ogygia  Selwyni  and 
jEglina.    Heie,  therefore,  as  Sir  A.  Bamsay  contended  in  1681,  there 
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appears  to  be  au  unconformity  between  the  Cambrian  and  the 
Onloviciaa,  with  a  loca]  absence  of  Tremadoc  elates. 

Uandeilo  Flasa. — If  the  whole  of  the  lower  series  of  inter- 
bedded  volcanic  rocks  in  North  Wales  is  correctly  referred  to  the 
Arentg  series,*  it  follows  that  the  Llandeilo  group  must  be  limited 
to  the  dark  shaly  flags  which  succeed  the  volcanic  series  along  the 
eastern  side  of  the  Aran  and  Arenig  ranges.  These  beds  contain 
very  few  fossils,  and  pass  gradually  np  into  rocks  with  fossils  of 
BalA  species,  so  that  the  very  existence  of  Llandeilo  flags  in 
North  Wales  is  at  pKeeat  rather  inferred  than  actually  proved. 
In  the  Moelwyn  range,  however,  north  of  Maentwrog  Mr.  Williams 
has  found  DidyTnograpltu  Marchuani  and  Climaayraptwi  Scharcnbergi 
in  slates  above  the  highest  Arenig  agglomerate,  and  again  at  Tiddyn 
Dicwm  near  Tremadoc  grapColites  have  been  found  and  identified 
by  Professor  Lapworth  as  DicTa'aograptue  ramonu,  Diplograptii* 
triconat,  OHmaeograptw  Scharenben/i,  C.  bicomu,  all  Llandeilo 
species. 

East  of  the  Arans,  Selwyn  found  6500  feet  of  stnta  between 
the  upper  ash  and  the  Bala  limestone ;  some  2000  feet  of  this 
may  be  Llandeilo,  but  east  of  Uoel  Dhu,  Jukes  found  only  4000 
feet  between  the  same  limits ;  some  of  the  beds  therefore  thin  to 
the  northward. 

Undoubted  Llandeilo  beds  emerge  again  in  the  centre  of  the 
Berwyn  anticline,  and  near  Llanrhyader  the  lowest  beds  are 
limestones  several  hundred  feet  thick,  containing  Aeaphv*  tyrannut, 
TnrmeUiu  /aims,  Ccdymiene  cambretaU,  Ortkis  turgida,  and  Ortkit 
verpertHio.  The  total  thickness  of  the  series  in  this  inlier  is 
estimated  by  Bamsay  at  4&00  feet,  and  tliey  include  some  beds  of 
felsti^ne  and  felspathic  ash  which  cannot  be  on  the  horizon  of  the 
Arenig  rocks,  as  Bamsay  supposes,  but  ere  doubtless  comparable 
with  those  of  the  Shelve  district. 

BaJ&  Barlea — The  strata  of  this  series  occupy  a  large  area  in 
North  Wales  j  they  fill  the  centre  of  the  Lleyn  and  Snowdon 
syncline,  and  form  a  continuous  tract  ranging  from  Conway  in 
Denbigh  southwards  by  Bala  and  DinasMowddwy  (see  map,  Fig.  14). 
They  also  form  the  mass  of  the  Berwyn  Mountains  in  South  Den- 
bigh, rising  up  from  beneath  the  Silurian  in  a  huge  periclinal 
dome,  and  enclosii^  the  Llandeilo  of  Llanrhyader. 

As  stated  above,  the  base  of  the  Bala  series  has  not  yet 
been  definitely  determined  in  North  Wales,  and  consequently  the 
thickness  of  the  series  is  uncertain.  In  Merioneth,  near  Bala  and 
Dinas  Mowdiiwy,  there  are  from  2000  to  3000  feet  of  gray  sandy 
■hales  with  interstratified  beds  of  fine  grained  sandstone,  and  these, 
with  the  Bala  limestone,  which  overlies  them,  are  generally  considered 
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as  forming  a  Lower  BaU  group.  In  the  middle  of  these  Lower 
Bala  BhaleB  thare  are  aome  beds  of  volcHuic  ash,  the  chief  of  whicli 
is  16  feet  thick,  and  its  outcrop  forms  a  feature  which  can  be 
followed  foi  mauj  milea.  There  are  other  beds  of  ash  just  below 
the  Bala  limestooe. 

Above  thia  limeaCoue  there  is  some  I  GOO  feet  of  candy  ehale, 
and  then  another  thin  band  of  limeatone  and  calcareoua  shale, 
which  is  known  as  the  Himant  lioiestone.  These  beds  are  known 
OS  the  Upper  Bala  group,  and  there  may  be  still  higher  beds 
belonging  to  the  series,  but  if  so  they  are  concealed  by  the  overstep 
of  the  basal  Silurian  grits. 

From  recent  accounts  it  would  appear  that  the  Bala  limestone 
is  not  a  single  bed  or  set  of  beds  varying  in  thickness  from  3  to 
60  feet  and  always  containing  the  same  set  of  fossils.  On  the 
coDtrary,  there  is  reason  to  think  that  the  beds  which  have 
hitherto  been  grouped  as  Bala  limestone  include  two  distinct 
horizons  oi  zones,  that  the  name  Bala  limestone  should  be  re- 
stricted to  the  lower  of  these  zoues,  and  that  the  upper  is  the 
Rhiwlas  limestone,  which  was  formerly  exposed  at  Rhiwlas,  north 
of  Bala,  and  is  t^e  equivalent  of  the  Sholeshook  limestone  in 
Pembrokeahira 

Even  the  main  mass  of  the  BaU  limestone  is  often  split  up  into 
several  beds  by  the  intercalation  of  calcareous  sandstone  or  shale, 
as  at  Qellygrin,  to  the  south  of  Bala  Lake,  as  described  by  Mr.  T. 
Ruddy.  Here  there  is  a  lower  limestone,  13  feet  thick  and 
containing  many  fossils,  succeeded  by  sandy  shales  with  many  of 
the  characteristic  Bala  trilobites,  and  some  feet  higher  a  hard, 
massive,  crystalline  limestone  18  or  20  feet  thick,  the  whole  group 
of  beds  (five  to  eight)  being  about  50  feet  thick. 

The  characteristic  fossils  of  the  Bala  limestoae  are  Triiiudtua 
ametntrictu,  Ataphvi  Pouriti,  Pliaeope  apiculatTu,  Homalonotus 
buulaUai,  Orthie  vapertilio,  0.  rptriferoida,  and  (J.  hiforaXa.  Those 
of  the  Rhiwlas  limestone  are  Cyrioeeras  toaax,  Orlhceeras  vitgam, 
TrimteUu*  tetkontia,  Ampyx  lumidiu,  £nainvnu  sexcoitatw, 
StauTOCepfudut  clavifrom,  Pliaet^t  BTongniarti,  Leptama  tenuicKu^ 
S^uxTOnita  Litchi,  Edvinoapharra  aurantvaa,  Hemieosmittt  ragatfu 
and  other  cystid  echinoderms. 

The  most  characteristic  fossils  of  the  Hirnant  limestone  and  of 
the  associated  shales  are  species  of  Orthis,  0.  himantensit,  0.  tagiXiifera, 
U.  b^orata,  with  some  bivalves  such  as  Area  edmondiiformit.  This 
limestone  band  is  from  5  to  10  feet  thick,  and  CDnsiets  of  concre- 
tionary pisolitic  limestone  and  calcareous  shale.  From  the  above 
account  it  wiQ  be  seen  that  the  succession  in  the  typical  Bata 
district  may  be  Bttrnmarised  as  below  : — 
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_        I  Hinuuit  limestoDe 
y^^^i  Grav  shalea  and  ibtlj  BUidstoneB 
^^  [RhiwlaslimestonB      . 

(Bala  limestone    .... 
Graj  slaUs  anil  thin  ssucUtouea  . 
Main  aah  bed    . 
Gray  aUtes  and  thin  aandatonea  . 


OtstIOOO 

TLe  Itmestonee  thicken  eastward,  and  in  the  Berwyn  MoimtiiuB 
thej  have  a  combined  thickness  of  from  800  to  300  feet  The 
•ucceaaion  here  haa  been  described  bj  Mr.  D.  C.  Davies,*^  front 
whose  account  it  would  seem  that  the  greater  part  of  this  mass 
belongs  to  the  Bala  limestone,  but  that  at  the  top  there  is  a 
lemarkable  set  of  beds  consiating  of  calcareous  shales  and  thin 
limestones  with  a  bed  of  phosphatic  nodulea  about  a  foot  tfaicL 
These  top  beds  seem  to  correspond  to  the  Bhiwlas  limeBtone, 
and  contain  Echinotplunn,  Caryocyifie,  and  other  echinoderme,  witli 
lUmtiu  Davin,  Oyrtocerat  arcualum,  C.  aonax,  and  Orthocenu  of  sereral 
species. 

To  the  north  and  north-west  of  the  Bala  district  the  limestones 
appear  to  thin  out,  the  Bala  limestone  containing  much  volcanic 
ash  and  passing  into  a  nodular  calcareous  tuff.  In  the  Snowdon 
rauge  thick  maHses  of  felspatbic  lava  and  tuS  are  interstratified 
with  the  Lower  Bala  shales,  and  greatly  increase  the  thickness  of 
that  group  ;  one  of  the  tuffs  on  the  top  of  Snowdon  is  believed  to 
be  the  equivalent  of  the  Bala  limestone,  and  the  same  bed  has 
been  traced  northward  to  Conway. 

The  railway  cutting  west  of  Conway  is  a  notable  locality  as 
being  the  only  place  in  North  Wales  where  recognisable  graptolitas 
of  Bala  age  have  yet  beeu  found.  Among  them.  Professor  Lapworth 
jdentiHed  Dicranograpt-ux  Glingani,  Biplograptui  foliaceue,  Climaco-' 
ffraptm  bicomis,  and  Idiagraptus  margaritattu.  Some  other  species 
from  Conway  are  mentioned  in  Ramsay's  memoir  on  North  Wales 
(1881),  p.  398. 

3.  Shropshire^ 
The  Ordovician  rocks  of  South  Shropshire  are  a  continuation 
■of  those  of  Wales,  and  are  brought  up  by  the  broad  anticlinal 
flexure  of  which  the  Longmynd  may  be  regarded  as  the  central 
axis  (see  Fig.  3).  They  occur  on  both  sides  of  the  Longmynd 
district,  but  the  lower  part  of  the  system  is  only  found  on  the 
western  side  (in  the  Shelve  and  Coradon  area),  being  absent  on 
the  eastern  side  (Caradoc  area),  where  the  Bala  beds  are  bronght 
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into  opposition  with  the  Shinetou  sbslea  either  by  fitQlting  or 
by  overlap, 

Areniff  Seriee. — The  base  of  this  division  consists  of  a  hard 
siliceous  grit  or  qimrtzite  forming  the  ridge  called  the  Stiper  Stones  ; 
above  this  are  gray  and  green  flagetones  with  interbedded  shales, 
in  which  Profesaoi'  Lapworth  has  found  Ogygia  Sehoyni,  Tetragrap- 
tut  bryotwida  with  species  of  Phyllograptus  and  Trigonograptju 
marking  them  as  Lower  Arenig.  They  are  succeeded  by  black 
ahales  containing  species  of  Ogygia  and  Placoparia,  with  Didymo- 
grapivs  patvlut  and  D.  Nicholtoni.  The  higheet  member  of  the 
series  is  a  set  of  contempanineoUB  volcanic  tuffs  and  shales, 
evidently  deposited  on  the  sea-floor,  and  probably  ^ected  from 
the  great  Arenig  volcanoes  of  North  Wales.  The  total  thickness 
is  about  3000  feet. 

Iilandeilo  Plaga^At  the  base  of  this  series  are  the  Weston 
Beds,  conaisting  of  shales  with  two  massive  beds  of  volcanic  grit 
(felspathic)  ;  these  are  succeeded  by  shales  and  flags  containing 
Didynuiffraptiis  Murckiiojii,  overlain  near  Middleton  Church  and 
Meadofftown  by  flags  and  limestones  containing  many  fossils, 
such  as  Aiaphut  tyranniu,  Ogygia  Biieki,  and  Trmiicleat  Lloydi. 
The  highest  beds  are  black  mudstones  yielding  graptolites,  among 
which  are  Qenograptm  gracilw  and  Dicdiograptua  ttxtane.  The 
total  thickness  is  uncertain,  but  may  be  from  3000  to  4000  feet 

Bala  and  Oturadoo  Series.  ^Continuing  the  above  succession 
in  the  Shelve  district  the  Bala  beds  are  well  exposed  in  the  Spy 
Wood  section.  At  the  base  are  the  Spy  Wood  grits  and  fl^  paasii^ 
up  into  the  Aldress  shales  ;  tbese  beds  yield  TrinacUia  amceniricu, 
Orthit  ealligram/nia,  DiplograplTis  ttmicatiis,  Clim-icograplui  bicomii, 
and  other  fossils.  Above  cumes  the  Marrington  group,  a  set  of 
gray  and  black  shales  with  interstratified  beds  of  andesitic  aahea 
and  breccias  or  agglomerates  ;  the  highest  ahales  are  overlain  nncon- 
formably  by  the  Slurian  (Upper  Llandovery  beds). 

On  the  eastern  side  of  the  Longinynd  the  succession  in  the 
Oaradoc  district  was  flrst  worked  out  by  Murchison  and  formed 
the  type  of  his  "  Caradoc  sandstone."  This,  however,  was 
subsequently  proved  to  be  only  a  local  facies  of  the  Bala  series. 
The  succession  as  corrected  by  Messrs.  Callaway  and  Lapworth  is 
aa  follows : — 

Llandovery  beds  (nnoonfonnabla)— 

(Trin'ueUtui  shaJeii. 
Acton  sbales  and  limestone. 
Cheney  Longvilla  Bags. 
Harnasa  shales. 
Uoac  Edge  grits  and  sandy  linisatone. 
I 


.V  Google 


114  STRATIGKAPHICAL  QEOLOGt 

All  these  beds  contain  foesiU,  and  tfae  Acton  beds  have  jdelded 
Lidua  laaaiiu,  Ampyx,  Orlhit  Actonia,  0.  Jtabellnium,  and  many 
corald.  It  is  quite  possible  that  they  represent  the  Bala  limestone. 
The  highest  or  Himant  beds  are  concealed  hf  the  oventep  of  the 
Silurian. 

4.   The  North  of  Efiglaad 

Ordovician  rocks  occupy  a  l&rge  area  in  the  Lake  District, 
which  was  the  scene  of  Professor  Sedgwick's  earliest  work  on  the 
Focks  of  this  system  (1832-36).  All  the  mountaiaoua  r^un 
lying  north-west  of  a  line  drawn  from  the  estuaiy  of  the  Daddon 
by  Hawkshead  and  Ambleside  to  the  valley  of  the  Lowther  Beck 
consists  essentially  of  Ordovician  rocks  (see  the  map,  Fig.  3S,  and 
section,  Fig.  33). 

They  are  also  found  in  a,  long  narrow  inlier,  known  as  the 
Cross  Fell  inlier,  in  the  north-east  of  Westmoreland,  bounded  on  the 
one  side  by  Carboniferous  limestone,  and  on  the  other  by  Kew 
Bed  Sandstone. 

The  Ordovician  rocks  of  this  area  are  divisible  into  three 
series,  which  are  roughly  equivalent  to  those  of  Wales  and 
Shropshire. 

Upper  Sklddaw  Slates. — ^It  was  stated  on  p.  87  that  only 
the  upper  part  of  the  formation  at  present  known  as  the  Skiddaw 
slates  ia  of  Ordovician  age.  The  basement  beds  of  this  upper 
portion  are  certain  beds  of  grit  which  are  called  the  Watch  Hill 
grits  in  a  recent  memoir  of  the  Geo](^cal  Survey.^  The  beds 
above  this  horizon  ore  termed  the  Upper  Skiddaw  sUtes,  and  have 
yielded  both  graptolites  and  trilobites  of  Arenig  species.  They 
have  been  divided  into  several  stages  by  Mr.  J.  E.  Mair,'  and  his 
divisions  are  accepted  by  the  Survey.  In  descending  order  they 
are  as  follows ; — 

3.  Ellergill    beds,    with     Trigonoffraptus    enaiformit,     Glostegraplus 
annaljia,  Diploffraptui  deiiiatua,  and  Cryptograptxu  antennariua. 

2.   Tetra^aplua  beds,  with  Titra^aptiit  bryonoidea,  T.  quadr^anchi- 
atia,  Phyiloaraplta  typia,  and  Did-ifmograpita  gihberalia. 
I     1.  Didtograptia  Dedu,  with  Dichograptus  S-brachiotm,  Loganograptui 
Logani,  and  Temnosraptia  muiliptei. 

The  whole  Eeries  is  much  folded  and  plicated,  so  that  it  is 
difficult  to  form  any  estimate  of  ila  thickness ;  probably  it  is  not 
more  than  3000  to  4000  feet,  though  older  writers  gave  a  greater 
thickness. 

The  Ellergill  beds  occupy  a  high  position  in  the  series,  and 
their  typical  exposure  is  at  ElletgUl  in  the  Cross  Fell  inlier,  to 
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the  east  of  the  Lake  District,  but  they  occur  also  near  Threlkald 
and  Troutbeck,  east  of  Keswick. 

BorrowdtUe  Series  (Llaudeito-Bala]. — The  Skiddair  slates 
are  succeeded  by  a  great  mass  of  volcanic  rocks,  andesittc  and 
rhjolitic  lavas,  and  associated  ash  beds,  the  total  thickueas  of 
which  is  believed  to  be  about  12,000  feet  In  the  Cross  Fell 
inliet  their  lower  parts  are  interstratified  with  dark  slates,  which 
have  jielded  Didymograptaa  MtachUani,  and  Diphgraptw  dantatus, 
and  these  have  been  termed  the  Milbum  beds.  Similar  beds 
have  also  been  found  near  Ulleswater  and  other  places.  The 
highest  portion  of  the  volcanic  series,  however,  may  be  of  Bala  age, 
for  in  the  Cross  Fell  inliet  and  overlying  the  rhyolite  of  Roman 
Fell  there  are  some  calcareous  shales,  limestones,  and  ash  beds 
which  are  of  Lower  Bala  age,  and  appear  to  be  older  than  the 
Coniston  limestone.  They  aie  termed  the  "corona  series"  by  Mr. 
Marr,  and  contain  Tremaltt  corona,  Lingvla  tenw^ranulata,  Orthit 
teitudinaria,  and  other  fossils.  The  limestones  consist  largely  of 
the  tests  of  the  small  Crustacea  called  Btyridaa. 

Ooniston  Iilmestoiie  Series.— Above  the  "  corona  bede  "  just 
mentioned  in  the  Cross  Fell  inlier  come  the  DufCon  shales  and 
the  Keisley  limestone,  which  have  a  combined  thickness  of  about 
200  feet,  bat  m  the  Lake  District  these  seem  to  be  represented 
by  the  Coniston  limestone,  which  is  about  100  feet  thick  and 
contains  most  of  the  fossils  of  the  Welsh  Bala  limestone.  More- 
over, the  dose  similarity  of  the  two  series  is  increased  by  the  fact 
that  the  topmost  bede  of  this  limestone  contain  the  special  fauna 
of  the  Bhiwlas  and  Sholeshook  limestone,  Stauroctphaiae  globic^t, 
Caryocyiliteii  Daviti,  Hoiapea  concinna,  and  Orthocena  vagata. 

The  limestone  is  succeeded  by  the  dark  blue  and  gray  Ashgill 
shales,  which  have  yielded  Phacopt  apieidaiut,  THnucfnu  uticomit, 
SlTophmaena  tUuriana,  and  Orthit  protenia,  and  correspond  to  the 
Upper  Bala  shales  of  North  Wales.^  .These  Ashgill  shales  are  not 
more  than  50  feet  thick,  so  that  the  development  of  the  Bala  sediments 
in  the  lake  District  is  small,  but,  as  above  stated,  this  is  doubtless 
because  the  lower  portion  is  replaced  by  beds  of  volcanic  origin. 

In  a  later  paper*  Mr.  Marr  gives  the  following  classification 
of  the  Bala  secies  in  Cumberland,  Westmoreland,  and  Yorkshire, 
with  a  tabular  view  of  the  variations  at  different  places  : — 

rest. 

??"•**""    I  ( AppUthwaita  limestone     .         100 

Limestone-f  giejdai,  group      A  ConglomeraU    ...  10     - 

Sen»  Utile  End  beds  .  .  50 


Komsn  Felt  group-^Corona  beds 
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Mr.  Goodchild  believes  that  there  is  a  still  lower  horizon  of 
corona  hedM,  for  below  Mr.  Marr's  corona  beda  there  is  a  gr«at 
thickness  of  rhyolitic  lavas  and  ashes  which  are  divisible  into  two 
groaps — the  Dufton  and  Yarlside  rhyolitea  and  the  HeltJin  Moor 
beds,  and  below  these  are  ahalea  about  500  feet  thick,  which  aleo 
contain  TTematia  corona.  According  to  him,  therefore,  the  thickness 
of  Bala  rocks  in  the  Cross  Fell  inlier  is  very  much  greater,  but  this 
reqiures  confirmation  (see  GcoL  Mag.  3,  ix.  p.  29C). 

Mr.  Ooodchild  believes  also  that  there  is  a  local  nncouformitj 
which  increases  in  extent  toward  the  north,  so  that  this  Bala  series 
rests  in  different  places  on  different  portions  of  the  underlying 
Borrowdale  Beriea,  this  unconformable  relation  being  a  result  of 
the  earth-movements  accompanying  the  local  volcanic  outburslfl, 

5.  South  Scotland 
The  southern  uplands  of  Scotland  are  lai^ly  composed  of 
Ordovician  and  Silurian  rocks  folded  together  into  a  number  of 
anticlinal  and  synclinal  folds,  each  fold  having  its  subsidiary 
plications,  bo  that  the  country  has  a  complicated  structure,  and  can 
only  be  successfully  mapped  by  careful  attention  to  foasila  The 
older  views  about  this  r^on  were  mistaken  because  the  fossils 
were  not  sufficiently  studied,  and  because  it  was  supposed  that 
graptolitea  were  characteristic  of  Llandeilo  beds  and  did  not  occur 
outside  their  limits.  The  true  structure  and  succession  of  strata 
in  this  region  was  first  established  by  Professor  Lapworth,  whose 
researches  on  the  Girvan  and  Moffat  districts  are  embodied  in  two 
detailed  papers,^''  and  who  afterwards  summed  up  the  structure  of 
the  whole  region  in  another  one,^'  to  which  the  student  should 
refer.     The   sections.  Figs.    3S    and    36,  are    taken   from    these 

The  special  interest  of  this  region  is  that  it  presents  us  with 
two  very  different  fades  of  sedimentation,  which,  however,  can  be 
traced  through  changing  intermediate  types  from  the  one  area  to 
the  other.  In  Ayrshire  (Girvan,  etc)  the  Ordovician  has  the 
ordinary  fades  of  a  formation  accumulated  at  no  great  distance  from 
a  continental  coast-line,  consisting  as  it  does  of  a  considerable 
thickness  of  conglomerates,  sandstones,  shales,  with  at  least  one  bed 
of  limestone.  The  other  type,  found  in  Dumfries  and  Wigtownshire, 
is  one  that  must  have  been  formed  in  much  deeper  water,  for  there 
the  whole  system  is  condensed  into  a  small  thickness  of  dark 
graptoliferous  mudstones,  shales,  and  chert  beda  The  base  of  it 
is  not  exposed,  but  the  total  thickness  from  the  summit  of  the 
Bala  series  down  to  the  base  of  the  Arenig  chert  beds  is  only  about 
18Ci  feet,  as  compared  with  a  thickness  of  3500  feet  in  Girvan. 
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Dbuuhdck  Bess,  400  feet — 
£.  Shales  with  Slauroeephalnt.  \ 
a.  Shales      with      TrimaieKi  , 
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The  following  ia  a  tsbulBr  account  of  the  Bnceeouon  in  the  two 
typical  anas : — 

aimu  DIatTfct.  KotM  DMrtet 

Habttbll  Shales,  100  feet — 
6.  Zuue  of  Diullograptua  an- 
cepg  and  D.  Iruncatus, 
Sballocr  Flags,  8CM)  feet— 

FWonw   and    shales    with         5,  b,^„  mudatoneB. 
Diallogrwptua  trvneatia,    . 
Wbitehouhe  Bkdb,  300  feet—     ■ 
*.  Beds   with  maUagr.   com-         4,  Zoneof2«ceCi>.n»ni>ta>i<iftM. 

plaiuitiu. 
a.  Beds  with  Ltplogr.  fiacddua, 
etc. 
Abdwbll  Flaos,  1000  feet—       ' 
h.  Beds  with  IHerano.  ramosus  < 

and  Diploffraptni  rugoiut. 

a.  Beds  with  Crypto,  IricomU 

inADiplograplutfoliaeeMS,  i 

BaLCutchie  Bedb,  100  feet — 

Grits    and     sandetonea    with  ' 

Climaeojraplus      bieontU  ' 

and  Cri/piogr.  Irtcomi's.       1 

Shales      with      Qlot»ograptit»  \ 


BEHAK  CONaI.OMERATE,500  feet. 

Stihobar  Group,  100  feet— 
b.  Shales      with      Didymogr. 
supersUa    and    Vicellogr, 
sextans 

a.  LimestoD«B  with  Macluna 

Logani. 
Ejrkland  Beds,  200  feet — 
Sandstones  and  confclomeratea 

with  Ortha  confinis, 
Unconfannity  here. 


Rasiolabian  CuBR'Ri,  red  and 

graj  cherts,  mudstonea,  and 
volcanic  tuffs,  aboQt  70 
feat- 
Black  shales  of  Bennane 
Head  with  TelmgraplKi 
bryonoidel,  1  feet. 
Volcanic  Ro::ics,  lavas  and  tulTs 
with  thin  shales  containing 
Tar.   brymundtm.    1600  feet 


Glenkiln  SaALE8,  21  feet- 
Black    shales   with   Dicrano- 

graptua  :ic:ac  and  Climaee- 

grap.  caclatiia. 
Yellow  mudatoiies. 
Black  shales  with  CiauigTaptHt 

graeilit    and    Didymogr. 

niperatei. 
Radiolarian      Cbert      Beds 

(upper  part)  )  23  feet- 
Yellow  nnd  gray  shales  with 

bands  of  chert. 


Radiol  ABiAK     Chebt      Beds 

{lower  part)- 
Mndstones    with   chert  beds. 

)  30  feet. 
Volcanic   taffe   at    Trowdale, 

l&O  feat     Base  not  seen. 
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It  is  a  curiouB  fact  tliat  no  foanliferoni  beds  of  Lower  Llandeilo 
agb  faave  been  found  in  either  region,  and  that  Didy7nograj>tat 
Mvrchuoni  has  not  jet  been  found  in  Scotland.  The  Kirkland 
conglomerate  rests  unconforuiably  on  the  Arenig  series,  and  the 
ftw^Is  of  the  Stinchar  group  are  of  Upper  Llandeilo  age.  Mesan. 
Peach  and  Home  suggest  that  iu  the  Moffat  district  the  Lower 
Ltandeilo  is  represented  bj  the  upper  part  of  the  Radiolarian 
chert  beda  Fig.  37  represents  the  aacceasion  seen  in  Trowdale 
Ulen  (TJrrdale),  accordii^  to  these  observers,  and  is  copied  from 
their  memoir  on  the  Southern  Uplanda 

In  the  Barr  Series  the  Stinchar  limestone  is  an  inteieeting 
horizon,  for  nianj  of  its  fossils  are  not  found  anjwhere  in  England, 
bat  occur  in  the  Trenton  limestone  of  North  America ;  such  are 
Madurta   Logani,   M.   ■magna,   MurchUonia,  angaatala,   the   sponge- 


«.  GiId  beds.  B.  Oienmin  ihaln. 

5.  BlrkhUI  AhilM.  ;!.  Badlolncjuii  cheit  b«da. 

4.  Hartftfll  ahslfc  1.  Volcanic  tuSk  (AreniK). 

like  coral  Tetradium,  and  Saeeamina  Carttri ;  there  are  also  m&ny 
corals  (Lyoporafavoiaf  ete.)  and  brachiopods,  with  lAchat  texcoilalut  (f), 
IUaiiu$  lalvs,  I,  Bovrmanni,  and  Calymene  Blwnenbadii,  moat  of 
which  range  from  Upper  Llandeilo  to  Baia  beds. 

The  Baldatchie  beds  are  included  in  the  Barr  aei-ica  by  Professor 
Lapworth,  but  he  speaks  of  them  as  forming  a  transitional  band 
or  zone,  and  many  of  the  graptolit«8  range  into  the  Hartfell  ahales. 
Messrs.  Peach  and  Home  place  these  beds  in  the  Arduiillan  or 
Bala  series,  but  leave  the  Benan  conglomerate  in  the  Barr  series. 
It  is  possible  that  the  plane  of  divieiun  should  be  drawn  between 
the  Balclatchie  shales  and  the  overlying  grits. 

The  ArdmlUaii  Beiiee,  which  ia  the  equivalent  of  the  Welsh 
Bals  beds,  consists  of  a  great  thickness  of  alternating  flagstones, 
aandatonee,  mudstones,  and  shales.  It  is  interesting  to  note  that 
near  the  top  of  the  highest  (Dmmmuck)  group  there  is  a  thin  bed 
of  grit  which  haa  yielded  SlaurocepKalut  globicepi,  Trinucteut  Bw:k- 
landiy  a  species  of  Palaatter  and  other  fossils,  associated  with  shales 
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containing  Diedlograptut  ancept  and  Dipkgraptue  trVTieatut.  The 
graptolites  show  tliat  these  beds  are  equivalent  to  the  bigbeat 
part  of  the  Hartfell  shale,  but  there  are  no  limestones  comparable 
with  those  of  Bala  and  Coniaton. 

Beds  of  the  Moffat  type,  dark  shales,  and  mudstonea  have  been 
traced  all  across  Soiithera  Scotland  from  the  Lammermutr  Hilla 
through  the  northern  parts  of  Selkirk  and  Dumfries,  and  the 
central  parts  of  Kirkcudbright  and  Wigtown.  Beda  of  au  inter- 
mediate t;pe  form  a  broad  belt  to  the  north  of  this,  varying  from 
6  to  15  miles  in  width  from  the  Moorfoot  HiUa  to  the  northern  part 
of  Wigtown. 

6.  Ireland 

More  zonal  work  is  reqnired  in  the  Ordovician  districts  of 
Ireland  before  anything  like  a  complete  account  of  them  caa  be 
gtreb.  They  are  known  to  occur  in  many  places  from  Wexford 
and  Waterford  in  the  south -east  to  Mayo  and  Qalway  in  the 
north-west,  and  it  is  apecially  noteworthy  that  in  proceeding  from 
the  former  to  the  latter  region  we  find  the  beds  exhibiting  three 
successive  different  faciei  similar  to  those  existing  in  Great  Britain, 
which  may  be  termed  the  Welah,  Cumbrian,  and  Scottish  fades. 
It  is  only  recently,  however,  that  the  existence  of  Arenig  beds  in 
Ireland  lias  been  ascertained. 

Southern  Faoles. — In  the  county  of  Wexford  there  is  a  great 
thickness  of  Ordovician  rocka,  estimated  at  from  6000  to  6000  feet, 
but  though  it  probably  includes  Arenig  beds,  these  have  not  yet 
been  identified  where  the  base  is  best  seen,  i.e.  in  the  extreme  south- 
east, where  beda  of  purple  conglomerate  and  sandstone  rest  nnoon- 
formably  on  Pre-Cambrian  gneiss  and  schist.  The  sandstones  are 
overlain  by  black  slates  with  graptolitea  partly  at  any  rate  of 
Llaodeilo  age,  and  these  are  succeeded  by  some  3000  feet  of  gray 
shales  containing  Bala  fossils  and  interstratified  with  beds  of 
volcanic  ash  and  Bows  of  felspathic  lava  like  those  of  North  Wales. 

In  North  Wexford  and  Wicklow,  beds  of  Arenig  age  come 
in  below  the  black  alates  ;  these  consist  of  striped  slates  with 
thin  layers  or  scams  of  gril,  and  axe  known  as  the  Ribband 
series.  They  have  recently  been  mapped  over  a  lai^  area  by 
Messrs.  Egan  and  M'Henry,'^  and  fossils  have  been  found  in 
them  near  Arklow,  Courtown,  and  Eiltrea ;  these  included 
species  of  Tetragraptui,  FhyUogTaptut,  and  ZHdymograptiu,  Caryo- 
caru  JVrighii  and  a  BnjogTopt'ai  like  KjemlJL  The  occurrence 
of  the  laat  would  seem  to  indicate  that  even  Tremadoc  rocks  are 
present 
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Above  the  Ribband  aeriea  are  black  alatea  which  have  TteUed 

,  gnLpU>lit«s  oF  Llandeilo  age,  including  Dicrain>grajitui  ramoiiu,  D. 

ziezae,  Leplograptmjlaecidue,  Dvplograptui  mucronatu»,aD.ACiEnograptttt 

ffraeilit.     These  beds  are  succeeded  bj  limestones  of  Bala  age  which 

have  yielded  many  fossils. 

Oentral  Faoiea.— At  Fortraine  on  the  Dublin  coast  there  is 
one  of  the  finest  sections  of  the  Coniston  limestone  and  its  associ- 
ated rocks  to  be  found  in  the  British  Islands.  Ash  beds  and  lavas 
comparable  to  the  Borrowdale  beds  are  succeeded  by  green  shales 
with  calcareous  nodules,  which  pass  by  gradations  into  a  calcareous 
group  containing  massive  limestones,  with  fossils  of  the  Coniston 
limestone.  This  locality  is  exactly  on  the  line  of  strike  of  the 
I^ke  District  exposures,  and  the  same  lioe  prolonged  carries  us 
eouth'West  into  Kildare,  where  the  range  of  hills  called  the  Chair 
of  Eildare  consists  of  the  same  rocks,  including  limestone,  with 
abundance  of  fossils. 

Nortbem  Faoiea — In  the  counties  Down,  Armagh,  Monaghan, 
and  Cavan  the  thickness  of  the  Ordovieian  beds  is  reduced  to  a 
baud  of  black  shales  and  mudstones  exactly  resembling  those  of 
Ifoffat  and  the  southern  Scottish  belt.  Many  years  ago,  from  ex- 
posures south  of  Belfast  Lough,  Mr.  Swanston  obtained  all  the 
characteristic  graptolites  of  the  Qleukiln  and  Hartfell  shales. 
There  are  also  some  narrow  inlying  anticlinal  exposures  among 
the  neighbouring  Silurians,  and  in  one  of  these  near  Slane  (County 
Meath)  Mr.  M'Henry  has  found  some  layers  of  banded  Radiolarian 
chert  and  dark  shales  yielding  Lower  Llandeilo  or  Arenig 
graptoUtes.'* 

It  is  probable  that  this  facies  is  prolonged  south-westward 
beneath  the  Carboniferous  rocks,  for  in  Clare  and  Tipperary  there 
are  inliers  of  the  older  Palaeozoics,  chietfy  Silurian,  but  including 
come  tracts  of  Ordaviclan,  and  these  have  yielded  graptolites  of 
Glenkiln  and  Hartfell  species.^* 

Still  brther  to  the  north-west,  in  Tyrone  (Pomeroy),  Mayo,  and 
Galway,  there  is  a  aeries  of  Ordovician  rocks  which  more  resemble 
those  of  the  Girvan  area.  At  the  base  are  black  shales  with  bands 
of  red  and  black  chert,  and  in  close  proximity  is  a  volcanic  series 
which  includes  a  thick  band  of  limestone  containing  Bala  fossils. 
Finally,  in  the  Mweelrea  Mountains  rocks  of  Llandeilo  age  are 
overlain  by  a  series  of  grits  and  conglomerates,  part  of  which  have 
recently  been  proved  (op.  cit.  p.  50]  to  be  of  Bala  age,  and  this 
change  from  a  deep  water  to  a  shallow  water  facies  is  significant 
of  the  proximity  of  land.  These  Bala  beds  extend  for  some 
distance  northward  toward  Clew  Bay,  and  may  once  have  covered 
a  large  part  of  Mayo. 
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Continental  Eoditalknts 


Ordovician  rocks  occupj  conaiderable  areas  in  the  aouthern  parts- 
of  Norway  and  Sweden,  and  in  Scania  tbe  Cambrian  sequence 
given  on  p.  91  is  conformably  aucceeded  by  the  following  Beries 
of  beds  with  a  total  thicknese  of  only  300  to  400  feet,  but  including 
representatives  of  the   whole   eystem.     In   descending  order  the 


BaU 


•l! 


ns.  Blue  flaea  with  Phacopa  tucaiiTa. 

1 12.  Green  ebsles  aud  calcareoiiB  grita  with  Spharacoehiia  snd 
I  Sttvanxtplialus  damfrora. 

"    Bed   nud    gray   ahaltu    with    Trinvcleui  mticonUi  uid. 
Dictllograpttts  aTuxpt. 
Shalea  with  Climaeoffraptui  mgems. 
„        „     Dicranograptaa  Ciingani. 
„        „     Climacograptue  Stharenbergi, 
I  7.  Shales  with  C<tnograpttu  gracilui. 
Diplograptus  patillns. 
aiaasegrapCvs  Sindcsi. 
Didymegraplus  geminiis  {  =  MurchinmC). 
I    d.   Shales  with  PhyUograptia  typua. 
Areuig  \   2.  The  Orthoceru  limestone. 

\   I.  Tetragraptusshalea  (7*.  «erra,  etc). 

Thla  sncceasiou  is  ba^d  on  the  work  of  Linn&nson,  modified  by 
the  more  recent  eiploratiouB  of  TuUbergi*  and  Marr.'*  The 
TetragraptuH  ahales  rest  on  the  Oeratopyge  limestone  (see  p.  91). 
The  Orthoceraa  limestone  abounds  in  Orthoceratites,  especially 
those  of  the  subgenus  Endocerai,  fa^ether  with  many  trilobites- 
and  other  fossils.  These  beds,  with  the  overlying  Phyllc^raptus 
shales,  correspond  to  our  Arenig,  but  are  only  150  feet  thick. 

The  snccession  of  zones  is  bracketed  in  the  above  table  to  show 
their  correlation  with  the  British  groups,  but  the  Swedish  grouping 
is  different.  Na  4  is  pEobably  the  equivalent  of  oar  Lower 
Llandeilo,  and  5,  6,  7  correspond  to  the  Glenkiln  shales,  but  in 
other  parts  of  Scandinavia  some  of  these  shales  are  replaced  by 
limestones  with  Chasmopi  and  Beyrichia.  Nos.  8,  9,  10,  11 
correspond  vrith  the  chief  part  of  the  Hartfell  shales,  while  IS  and 
13  are  evidently  the  equivalents  of  the  Ashgill  shales  and  the 
Upper  Bala  beds  of  Wales. 

In  Russia  there  is  a  similar  series,  but  more  calcareous,  of  about 
the  same  thickness. 
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North-ff^atern  Franc* 


The  only  other  extra-British  region  of  which  any  detail  need  be 
giveu  is  that  of  Normandy  and  Brittany.  In  Normandy  the 
Ordovician  is  divisible  into  four  groups,  none  of  which  haa  any 
great  thickness,  and  the  succession  neat  May-sur-Orne  is  as 
follows : — 

FMt. 

4.  GresQ  slates About  SOO 

3.  Gr^  de  Hay  (piiilc   and  gray  sandstones)  with 
Calymmt      Tristani,      HomalonUiti     Viairyi, 

Orthis  budUightruii ,  600 

2.  S[a.tw«Mi  Calymene  Triilani,  Valvuiniles  Philippxi    „  200 

1.  Oris  Armoricain,  a  white  sandatone  ]  .         .         .        ,,  200 

In  Brittany  the  Ordovician  has  a  greater  thickness  and  com' 
prioes  the  fallowing  groups  (see  section,  Fig.  34) : — 

4.  Limestone  of  Kozan,  with  Orthit  attonia, 

3.  Sandstones    and    shales    with    Calymicne    TriMani,    Homalonotua 

Aragoi,  Triiateleiu  Biireaui,  and  Acaate  ineeria. 
2.   Slates  of  Angers  and  of  Sion  with  Calymene  Triilatti,  DalmaniUa 

PkUlipwi,  and  species  of  Placoparia,  Ojfygia,  and  Aiaphua. 
1.  Gr^  Armoricain  with  Asaphut  ari/u/ricanta,  Lingula  Laueri,  aud 

species  of  Medonia  and  CUnodimla. 

The  Anuorican  sandstone  is  of  considerable  thickness  (500  to 
1000  feet),  making  with  the  underlying  grits  and  conglomerates 
(see  p.  95)  a  mass  of  arenaceous  rock  from  1 600  to  2500  feet  thick. 
It  contains  Tery'few  fossils,  but  may  be  regarded  as  equivalent  to 
part  of  our  Arenig  series. 

The  slates  of  Angers  are  divisible  into  two  parts,  which  ai«  in 
some  places  separated  by  a  sandstone.  The  lower  slates  of  Sion 
contain  DidymogTa^tut  MuriMioni  and  D.  enodue,  which  correlate 
them  with  our  Lower  Llandeilo.  The  upper  or  Riadan  elates  yield 
Trinuciau  pongerardt,  IHplograplut  futiaeeut,  and  D.  atigwtifoliiu, 
And  represent  the  Upper  Llandeilo. 

The  overlying  sandstones  of  St  Germaiu-sur-Ille,  of  Eenneur, 
and  of  Bedon  contain  species  of  IHplograpliu  and  of  Trimtclew, 
and  with  the  Rozan  limestone  represent  the  Bala  series. 

It  may  be  mentioned  that  in  the  south  of  France  (Languedoc), 
there  is  a  similar  sequence,  and  that  the  lower  part  of  the 
Armorican  sandstone  is  replaced  by  shales  with  calcareous  nodules 
which  have  a  thickness  of  nearly  600  feet,  and  have  yielded  many 
foesila,  including  TetTOgrapltu  terra  and  T.  jwufrifrraiAtafu*,  species 
which  establish  their  Iiower  Arcnig  age  and  make  it  fairly  certain 
that  the  Armorican  sandstone  is  of  that  age. 
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OrI>OVICIAN    VOLCANOI 


Rocks  of  volcanic  origin  play  a  pronunent  part  in  the  records 
of  tluH  Bjatem.  As  the  luihea  and  Uvea  are  intersl  rati  tied  with 
fossiliferouB  msiine  strata,  it  is  probable  that  the  eruptions  took 
place  either  from  submarine  vents  or  from  groups  of  volcanic 
islands,  such  as  occur  in  the  Pacific  Ocean  of  the  present  day. 

In  Wales  these  outbuista  commenced  in  Aienig  times,  that  series 
containing  thick  lenticular  masses  of  felapathic  lava  and  aah  (see 
Fig.  14,  p.  77).  These  interbedded  masses  are  thickest  in  Cader 
Idria  and  Aran  Mowddwy,  but  thin  away  rapidly  both  to  the 
north  and  south  of  this  district.  At  Aran  Mowddwy  their  united 
thickness  amounts  to  over  6000  feet,  but  this  is  reduced  at  the 
northern  end  of  the  Aran  range  to  8350  feet,  and  in  the  Artenig 
Mountains  to  1050.  The  associated  agglomerates  are  traceable 
westward  as  far  as  the  Moelwyn  range,  but  die  away  rapidly 
beyond  that. 

This  great  mass  of  volcanic  material  is  mainly  disposed  in  three 
separate  bands  :  (1)  a  lower  set  of  ashes  and  conglomerates  with  a 
maiimum  thickness  of  3300  feet ;  (2)  a  middle  group  of  "  felstones  " 
and  "  porphyries,"  the  details  of  which  have  not  been  worked  out ; 
(3)  an  upper  set  of  fragmental  deposits  like  Na  I,  but  not  exceed- 
ing 800  feet. 

Eruptive  materials  of  this  age  occnr  also  in  the  Berwyn 
Mountains  to  the  eastward,  and  again  in  the  Shelve  district  of 
Shropshire,  where  volcanic  grits  occur  also  in  the  Llandeilo  group 

The  southern  part  of  Scotland  was  another  great  centre  of 
volcanic  eruption  in  Arenig  time,  rocks  of  volcanic  origin  having 
been  traced  along  a  belt  of  at  least  100  miles  in  length.  They  are 
included  Id  the  Ballantrae  group  of  Professor  Lapworth,  and  are  well 
exposed  on  the  coast  of  Ayrshire  near  that  place.  The  lavas  are 
chiefly  diabases,  some  dark  green,  compact,  and  fine-grained,  others 
purple  and  markedly  porphyritic  with  large  phenocrysts  of 
plagioclase,  all  consisting  essentially  of  plsgioclas  felspar,  augite, 
.  and  iron  ores.  Associated  with  these  lava-flows  are  beds  and  bosses 
of  agglomerate  and  some  fine  tuffe.  Some  of  the  actual  vents  from 
which  tliese  mat«rials  were  ejected  seem  to  have  lain  in  the  south 
of  Ayrshire,  for  some  of  the  i^lomerotes  there  contain  blocks  of 
porphyry  up  to  a  yard  in  diameter,  and  the  evidences  of  volcomc 
action  tend  to  become  less  as  the  beds  are  followed  to  the  north- 
east'^ 

A  third  great  centre  of  volcanic  energy  during  this  period  is 
found  in  the  Lake  District     Here  they  form  what  is  known  as  the 
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Borrowdale  volcanic  wriea,  the  lowest  loVM  occurring  in  the 
highest  part  of  the  Skiddaw  {Aienig)  elates,  and  the  highest  being 
of  Bala  age,  bat  the  mass  of  the  series  evidentlj  belonging  to  the 
intervening  Llandeilo  epoch  (see  p.  115).  These  volcanic  rocks 
conaiet  of  andesitic  lavas,  ashes,  and  agglomerates  of  green  or 
porple  colours,  which  were  termed  the  "green  elates  and  por- 
phjries"  bj  Frofeeaor  Sedgwick.  The  cleavags  which  tmvcrBes 
the  district  converts  some  of  the  finer  ash  beds  into  regular  elates, 
as  seen  in  the  quarries  at  Dale  Head  A  similar  series  is  found  in 
the  Isle  of  Man. 

In  Ireland,  felstonea,  gabbros,  tuffs,  and  agglomerates  occur  in 
the  Llandeilo  series  of  Wicklow  and  Wexford  j  porphyritic  felstonea 
and  ash  beds  of  the  Borrowdale  type  appear  near  Portraine,  Co. 
Dublin. 

In  North  Wales  there  are  no  eruptive  rocks  of  Llandeilo  age, 
but  after  a  period  of  repose  volcanic  activity  was  renewed.  The 
normal  development  of  the  Bala  rocks  has  been  described  on  p.  11 2, 
but  north  of  Moel  Siabod  the  series  assumes  a  very  different 
character  from  the  interpolation  of  numerous  beds  of  felstone  and 
volcanic  ash.  "These  range  northward  to  Conway,  and  from 
thence  south -westward  along  the  higher  Caemarvanshire  mountains. 
Camedd-Llewellyn,  Camedd-Dafydd,  Y-Olyder-fach,  Y-Glyder- 
fawr,  Snowdon,  and  Moel-Hebog  are  the  chief  mountains  in  this 
the  highest,  wildest,  and  grandest  pact  of  North  Wales  ;  and  these 
consist  in  a  great  degree  of  true  volcanic  products,  some  of  which 
are  interbedded,  and  some  of  the  intrusive  masses  may  be  the  deep- 
seated  centres  of  volcanic  eruptions."'^  As  shown  in  Fig.  27,  the 
Snowdon  range  occupies  the  western  side  of  a  complicated  synclinal 
flexare,  which  is  continued  throughout  the  promontory  of  Lleyn. 
The  structure  of  the  range  is  as  follows  :  upon  the  Bala  slates  and 
grits  lie  three  great  beds  of  porphyritic  felstoae,  which  southward 
converge  into  one  mass  ;  these  are  succeeded  by  beds  of  felspathic, 
sandy,  and  calcareous  ash,  some  of  which  contain  fossils,  and  are 
supposed  to  represent  the  Bala  limestone  ;  the  ash  beds  are  capped 
here  and  there  by  the  relics  of  another  sheet  of  felspathic  lava, 
which  has  been  nearly  all  removed  by  subsequent  erosion.  The 
total  thickness  of  these  accumulations  is  over  3000  feet,  being  as 
follows : — 

Columnar  felstone 200 

Ashy  beds 1200' 

Porphyritic  felatones 1700 

Some  of  the  Bala  felstones  have  been  studied  by  Professor  Bonney, 
and  others  by  Mr.  Rutley,  and  prove  to  be  devitrified  rhyolites. 
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exhibiting   flniion    atructute    under    the    microscope ;  some    are 
Bpherutitic,  and  Others  have  ft  peculiar  nodular  Btruoture. 

For  further  details  respecting  these  and  other  volcanic  rocks 
the  reader  is  referred  to  Sir  Archibald  Geikie's  work  on  this 
aubject, 

Oeogiupby  or  the  British  Reqioh 

From  the  facte  mentioned  in  the  preceding  pi^es  it  would 
appear  that  the  aubsidence  which  began  in  the  Cambrian  period 
was  continued  during  the  formation  of  the  Ordovician  sediments 
over  the  greater  part  of  the  British  region.  But  over  a  certain 
apace  in  the  sea  which  covered  England  there  was  an  upward 
movement  resulting  in  the  appearance  of  land  composed  of  Cambrian 
and  Pre-Cambri&n  rocks. 

The  facts  bearing  on  the  existence  of  this  land  may  be 
summariaed  as  follows.  The  chain  of  evidence  begins  in  Shrop- 
shire, where  the  complete  Ordovician  succession  ia  found  on  the 
western  side  of  the  Longmynd,  while  on  the  eastern  the  Bala 
series  onl;  remaina,  resting  unconformably  (at  Hope  Bowdler)  on 
the  Fre-Cembrian  locks,  and  containing  rock  fragments  derived 
from  them.  Hence  we  infer  that  the  Arenig  and  Llandeilo  beds 
thinned  out  against  a  coast-line  between  Shelve  and  Hope  Bowdler, 
and  that  the  land  aubaeqnently  sank  so  as  to  allow  the  Bala  beda 
to  overlap  the  lower  shales  and  rest  on  the  Cambrian  and 
Uriconian  rocks. 

The  speciallj  arenaceous  character  of  the  Caradoc  sandstone 
indicates  that  it  was  also  found  in  proximity  to  a  coast-line,  and 
when  the  Cambrian  again  emerges  in  the  Lickey  Hills  (Worcester- 
shire) we  find  it  succeeded  by  the  Silurian  without  the  intervention 
of  any  Ordovician,  so  that  this  district  may  have  been  land 
throughout  the  whole  of  the  period. 

How  far  the  Ordovician  land  thus  indicated  extended  to  the 
eastward  we  cannot  say,  for  we  do  not  yet  know  whether  any 
Ordovician  rocks  ever  existed  beneath  the  more  eastern  of  the 
Midland  counties  or  not.  In  North  Warwickshire,  where  Cambrian 
rocks  once  more  come  to  the  aurface,  and  again  in  Leiceaterehire, 
where  still  older  rocks  occur,  they  are  covered  by  beds  of  Carbonif- 
erous and  Triassic  age,  so  that,  for  aught  we  know  to  the  contrary, 
both  Ordovician  and  Silurian  may  have  existed  in  those  counties 
and  may  have  been  destroyed  during  the  great  continental  period 
of  the  Old  Red  Sandstone.  At  the  same  time  the  structure  of 
Warwick  and  Leicester  is  so  similar  to  that  of  Stafford  and 
Worcester  that  it  is  very  probable  that  all  these  counties  have  had 
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the  same  physical  history,  and  arguing  on  this  baais  we  may  assume 
that  Silimon  strata  did  originally  extend  over  all  of  tbem,  but  that 
the  Ordovician  did  not. 

None  of  the  deep  borings  hitherto  made  in  the  east  of  England 
have  touched  rocks  containing  Ordovician  fossUs,  though  the  rocka 
reached  at  Culford  and  Harwich  may  belong  to  this  ajBtem,  and 
beds  of  Llandeilo  aod  Bala  age  come  to  the  surface  again  in 
Belgium.  At  present,  therefore,  we  have  no  clue  to  the  eastern 
limita  of  the  laud  above  indicated,  but  it  was  probably  an  island. 

FSsaing  southwards  from  the  Lickey  to  the  Malvern  HilJs  we 
find  a  similar  absence  of  Ordovician  in  the  latter,  with  Silurian 
resting  directly  on  Cambrian,  from  which  we  may  conclude  that 
the  Malvern  area  was  included  in  the  land  tract,  but  how  much 
farther  it  eiteuded  southwards  is  quite  uncertain,  as  the  base  of 
the  Silurian  is  not  again  exposed  in  Southern  England  tUl  we 
reach  Cornwall. 

Ordovician  rocks  ar^  believed  to  exist  in  the  southern  part  of 
Cornwall,  and  are  associated  with  other  beds  of  Pre-Devonian  age 
which  are  now  known  to  occupy  a  broad  belt  of  country  from 
Troro  and  Tregony  on  the  north  to  Meneage  and  Mounts  Bay  on 
the  south,  where  they  are  faulted  against  the  crystalline  rocka  of 
the  Lizard  peninsula.  The  succession  of  these  beds  has  recently 
been  worked  out  by  Mr.  J.  B.  Hill,  and  is  given  as  follows  :  (1) 
Teryaa  beds  ;  (2)  Portscatho  slates  ;  (3)  Falmouth  slates  ;  (4) 
Mylor  series.  They  are  intensely  plicated  and  altered  by  pressure, 
and  though  the  prevalent  dip  of  the  folds  is  to  the  south-east,  the 
actual  atratigrapliical  order  may  be  in  a  reverse  direction,  snd  if 
this  is  the  case  the  Veryan  beds  will  be  the  oldest  and  the  other 
groups  may  be  of  Silurian  age.^' 

It  is  the  Verysn  beds  that  have  yielded  fossils  which  appear  to 
be  of  Bala  age,  and  they  also  include  a  massive  conglomerate  whiuh 
ia  well  expc«ed  at  Nare  Head,  south  of  the  Helford  River.  This 
conglomerate  contains  rock -fragments  of  various  kinds  and  sizes, 
including  some  large  blocks  ;  they  are  mostly  subangular,  but  some 
are  rolled,  and  Professor  Bonney  has  inferred  that  land  must  have 
existed  at  no  great  distance  from  Nare  Head  at  the  time  when  this 
conglomerate  or  breccia  was  formed.  Samples  examined  by  him  show 
that  this  land  consisted  largely  of  the  following  rocks  :  (1)  granitoid 
gneiss  like  that  of  North-west  Scotland ;  (S)  fine-grained  schists  ; 
(3)  true  elates  or  ai^illitea  ;  (4)  grita  and  quartzitea  ;  (5)  felsites 
and  ondesites.^  Some  of  these  rocka  are  not  unlike  those  of  the 
Lizard  district,  and  it  is  very  probable  that  this  district  formed 
part  of  the  land  from  which  the  fragments  were  derived.  The 
«oncluaion    that    such   land  lay    to   the   south   of    the    Meneage 
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district  finds  confirmation  in  the  fact  that  the  Falmouth  slates 
became  more  and  more  acenBceoua  aa  they  are  traced  to  the 
south-west  from  Falmouth,  and  more  argillaceous  from  that  place 
northward. 

It  seema  probable,  therefore,  that  the  land  which  furnished  the 
material  of  the  Nare  Head  conglomerate  waa  a  remnant  of  the 
land  which  appears  to  have  eiisted  in  Cambrian  times  between 
Cornwall  and  Brittanj  (see  p.  9b).  That  portion  of  this  land-area 
which  entered  into  the  structure  of  Brittany  aeema  to  have  been 
Bubmei^d  in  Tremadoc  and  Arenig  times,  and  toward  the  close  of 
the  Ordovician  period  it  maj  have  been  reduced  to  the  condition 
of  an  island. 

Wbere  then  was  the  main  cooat-line  of  the  period!  In  all 
probability  it  lay  out  in  the  Atlantic,  its  borders  touching  the 
extreme  west  and  north-west  of  Ireland,  and  it  may  possibly  have 
extended  throi^h  the  north-west  of  Scotland.  The  Ba1a  conglo- 
merates of  the  Mweelrea  Mountains  (County  Mayo)  thicken  south- 
wards and  die  away  toward  the  north,  and  it  is  surmised  that  there 
was  a  considerable  area  of  elevated  land  to  the  southward  of  those 
mountains,  and  that  the  Connemara  district  was  a  part  of  it, 
perhaps  projecting  eastward  as  a  promontory.  Another  such  tract, 
may  have  extended  through  Donegal  and  Londonderry  (as  iu 
Cambrian  time],  and  there  must  have  been  land  in  the  neighbour- 
hood of  Ayrshire  in  Llandeilo  time  to  supply  the  materials  of  the 
great  Kirkland  and  Benan  conglomerates.  The  absence  of  the 
Lower  Llandeilo  in  the  Girvan  district  and  the  tmconformity  of 
the  Kirkland  conglomerate  are  fact«  which  indicate  the  local 
upheaval  of  a  portion  of  the  area  into  land.  This  may  have  been 
an  island  or  a  temporary  extension  of  the  land  which  lay  to  the 
north-west 

There  is  good  reason  to  believe  that  rocks  of  Arenig-LIandeilo 
occor  along  the  border  of  the  Scottish  Highlands  from  Kincardine 
to  Dumbartonshire,  and  more  recently  similar  rocks  have  been 
found  in  the  Isle  of  Arran.  They  conaiet  of  black  ahales  (or 
schists),  red  and  gray  cherts,  and. various  rocks  of  igneous  origin, 
the  whole  resembling  the  Areniga  of  Ayrshire,  but  no  fossils  have 
yet  been  found  in  them.  If  these  rocka  are  Ordovician,  a  large 
part  of  Central  Scotland  must  have  been  covered  by  the  sea  in 
Arenig  times,  though  volcanic  islands  may  have  existed  here  and 
there. 

The  source  of  the  sediments  which  conatitute  the  Ai«nig  series 
in  the  south  of  Scotland  and  the  north  of  England  is  not  yet 
apparent ;  indeed  they  and  the  Tremadoc  slates  seem  to  have  been 
formed  during  the  culmination  of  a  long  period  of  subsidence. 
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when  the  greater  part  of  the  British  region  was  covered  by  sea,  and 
when  the  deepest  parts  of  this  sea  formed  a  trough  eitending  from 
north-east  to  south-weat  through  the  south  of  Scotland  axid  a  large 
part  of  Ireland. 

Those,  however,  who  claim  that  the  radialarian  cherU  of  this 
region  are  "  oceanic  deposits  "  jump  to  a  verj  important  conclusion 
from  a  very  small  amount  of  evidence.  Only  two  reasons  have 
been  given  for  such  an  inference:  (1)  Che  existence  of  the  Radiolaria, 
which  at  the  present  day  form  deposits  on  oceanic  floors ;  (2)  the 
small  thickness  of  the  Arenig-Llandeilo  beds ;  but  neither  of  these 
can  be  taken  as  evidence  of  oceanic  conditions.  As  a  matter  of 
fact  Radiolaria  occur  in  waters  of  all  depths,  and  have  been  found 
in  deposits  of  many  ages,  notably  in  the  Oxfordian  and  in  the 
Lower  Eocene  of  Northern  France,  in  each  case  combined  with 
sponge  spicules  to  foim  a  peculiar  siliceous  rock  termed  gaat. 
Thus  the  cherts  and  black  shales  of  the  Arenig  series  may  be 
compared  with  the  gaize  and  black  clays  of  the  Oxfordian,  but  have 
no  resemblance  to  modem  oceanic  deposit^  which  are  reel,  yellow, 
gray,  and  white,  but  never  black.  There  are  no  fine  red  clays  nor 
foraminiferal  iimestonea  among  the  Scottish  Arenig  and  Llandeilo 
series,  like  those  which  are  associated  with  Tertiary  oceanic  deposits 
in  Barbadoes  and  elsewhere,  and  the  utmost  that  can  safely  be 
inferred  from  the  character  and  small  thickness  of  the  Scottish 
deposits  is  that  they  were  foruieJ  in  clearer  water  and  at  a  greater 
distance  from  land  than  the  Arenigs  of  Wales. 

From  this  time  of  deep  submei^ence  there  seems  to  have  been 
a  gradual  recovery  in  Scotland.  Thus  Messrs.  Peach  and  Home  ^' 
note  it  as  "a  remarkable  fact  that  the  change  in  the  character  of 
the  sedimentation  resulting  from  the  transport  of  coarse  terrigenous 
material  from  the  north-west  eitends  farther  south  with  each 
Buccesaive  period."  The  Oaradoc  conglomerate  of  the  Lammermuir 
Hills,  with  its  rounded  pebbles  of  granite,  quartzite,  and  graywacke, 
like  those  of  the  Perthshire  Highlands,  tell  us  that  at  length  the 
continued  uprise  of  the  northern  had  brought  its  borders  within  a 
few  miles  of  those  hills. 
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CHAPTER   IX 

SILURIAN  SYSTEM 

(Upper  Silurian  of  Unrchison  and  Geological  Snrre;) 

NomeneiatuTe. — The  reasons  for  restricting  the  nmne  SUunan 
to  the  Bj-stem  called  Upper  Silurian  by  Murchison  have  been 
given  on  p.  65,  but  no  mention  was  there  made  of  a  Bubordinate 
question,  namelj,  the  line  of  separation  between  the  Ordovician 
And  Silurian.  Or^nolly  the  whole  of  the  strata  subsequently  called 
LlnndoTery  Beds  were  included  by  Murehison  in  his  Upper 
Carodoc  group,  but  in  18S4  Professors  Sedgwick  and  M'Coy  proved 
that  the  uppermost  sandstones  (to  which  they  gave  the  name  of 
Uay  Hill  Sandstone)  had  no  connection  physically  or  paleeonto- 
logically  with  the  Bala  rocks,  but  formed  the  natural  base  of 
Murcliison's  (Upper)  Silurian  series  in  the  typical  Silurian  areas. 

Recognising  the  justice  of  this  correction,  Murehison  then 
separated  the  beds  from  the  Caradoc  Sandstone  (Bala),  and  created 
a  new  group  ander  the  name  of  "  Llandovery  rocks,"  subdividing 
it  into  two  stages — a  lower  (linked  hy  some  species  to  the  Bala 
series),  and  an  upper  (closely  connected  with  the  Wenlock  rocks), 
but  clearly  united  to  one  another  by  a  commnnity  of  Pentameri 
and  other  fossils.  This  Llandovery  gronp  he  regarded  as  forming 
a  transition  series  between  his  Lower  and  Upper  Silurian. 

Some  geologists,  however,  objected  to  this  arrongement  on  the 
ground  that  there  is  frequently  a  physical  break  (overlap  leading 
to  unconformity)  between  the  Lower  and  Upper  Llandovery,  so 
that  the  latter  in  such  localities  is  dissociated  altogether  from  the 
former  and  from  the  Bala  Beds.  Consequently,  Sedgwick,  Jukes, 
and  others  drew  the  line  of  separation  at  the  base  of  the  Upper 
Llandovery  or  May  Hill  Sandstone.  But  elsewhere  there  is  little 
or  no  want  of  conformity  between  the  members  of  the  Llandovery, 
while  the  Lower  Llandovery  is  locally  transgressive  over  the  Bala 
bcda  It  was  pointed  out,  however,  in  Chapter  IV.  that  smAll 
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regard  must  be  paid  to  auch  local  tranBgreBsions  and  uaconfonnities, 
iinleai  they  coincide  with  a  palaoatoiogical  break. 

Becent  researches  have  shown  that  the  Upper  Llandoveivr  is 
nanally  succeeded  hj  a  series  of  pale  gray  and  green  sbalea 
(Tarannon  shalea),  and  Professor  Lapworth'a  studies  have  led  him 
to  tbe  conclusion  that  these  three  subdivisions  (Lower  Llandoverj', 
Upper  Llandovery,  and  Tarannon  shales)  "  are  far  more  closely 
allied  to  each  other  than  they  are  to  the  beds  above  or  below,  and 
that  they  should  be  considered  as  the  three  consecutive  members 
of  a  single  formation." '  The  Llandoveries  were  formed  in  fact 
dnrii^  a  period  of  upheaval  and  oscillation  which  intervened 
between  tbe  quiet  periods  of  the  Bala  and  Wenlock  beds.  For  their 
equivalents  in  South  Scotland  he  has  proposed  the  name  VaUntian, 
fi^m  the  Roman  name  of  that  province^  and  Mr.  Marr  ^  hu 
advocated  the  general  adoption  of  this  name  for  tbe  lowermost 
group  or  series  of  the  Silurian  rocks  ia  Britain. 

The  second  natural  division  of  the  Silurian  system  is  that 
which  is  typically  developed  at  Wenlock  in  Shropshire  and  at 
Woolhi^w  in  Herefordshire.  This  series  was  described  by 
Murchison  under  the  name  of  the  "  Wenlock  formation,"  and  at 
the  localities  above-mentioned  it  consists  mainly  of  shales  with  a 
bond  of  limestone  at  the  base  and  anotlier  at  the  top  ;  bnt  in 
North  Wales  and  other  parts  of  Britain  there  are  no  such  lime- 
stones, and  the  only  means  of  delimitation  is  by  tiie  graptoUte  fauna. 

The  third  division  is  the  "  Ludlow  formation  "  of  Murchison, 
which  in  Shropshire  and  Herefordshire  coosists  of  shales  and  mud- 
stones  with  a  band  of  limestone  in  the  middle.  Although  the 
shales  below  the  Ludlow  and  Aymestry  limestone  were  placed  in 
this  group  by  Murchison,  he  admitted  that  they  were  merely  a 
continuation  of  the  Wenlock  series,  and  for  some  time  it  seemed 
doubtful  if  they  could  be  separated  from  it  when  the  Wenlock 
limestone  was  absent.  Recently,  however,  it  has  been  shown  that 
they  can  be  distinguished  by  their  grapt^Iitea,^  and,  further,  that 
the  Aymestry  limestone  comes  within  tbe  highest  graptolite  /one 

The  highest  beds  referable  to  the  Silurian  system  in  the  typical 
region  ore  certain  flagstones  and  sandstones  which  form  a  passage 
into  the  Old  Red  Sandstone,  but  contain  fossils  of  Ludlow  apeoiee. 
They  may  be  regarded  as  the  topmost  member  of  the  Ludlow  series. 

It  should  be  mentioned,  however,  that  Professor  Lapworth  has 
suggested  a  new  grouping  which  may  eventually  be  found  more  con- 
venient By  this  all  the  limestones  and  the  intervening  graptolitic 
shales  are  thrown  into  one  group,  for  which  he  proposes  the  name 
Salopi/in,  while  the  beds  above  the  Aymestry  limestone  are  left  tii 
form  an  upper  group  under  tbe  name  of  Downfonian.     Since,  liow- 
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ever,  the  sever&l  diatricts  where  Silurian  rocks  occur  in  Britain 
have  been  correlated  on  the  basit  of  MnrchiBon's  arrangement,  the 
latter  will  be  followed  in  these  pa^;ea,  and  ia  tabulated  below  : — 
(■Ledbuij  and  Downton  beds. 
Ludlow  scries  '  "PP^  f'"^'*"'  ^^ 
l,Lower  Ludlow  shalea.* 
fWenlock  limcBtoue. 
Wenlock  »eri»i  -!  Wenlock  shule. 

I  Woolhope  limeatone. 
ITaraunoD  sbales. 
LlandoTery  aeri«a  A  Upper  Llandovery  beda 
1^  Lower  XJandovery  beds. 

Life  or  the  Period 

The  following  is  a  brief  synopaia  of  the  principal  genera  which 
are  found  in  the  Silurian  Byetem, 

Aotinozoa.— 'Corala  are  Ytrj  abnndant  in  the  limeatones  and 
calcareous  beds ;  most  of  the  Ordovician  genera  occur,  Favotitet, 
Htliolila,  and  EalytUea  are  very  common,  and  the  following  com- 
mence their  existence  in  the  British  area ;  Acervuiana,  AlveoUtet, 
OytliphyUum,  Olwicphyllum,  Slrombodee,  jStauno,  and  Slrephodei :  while 
the  following  have  only  been  found  in  the  rocks  of  this  system, 
GoniophyUum,  Bhuopkylium,  Tkecia,  Ompkyma,  and  Palmovycliu. 

Hydrozoa. — Graptolites  are  abundant  in  the  lower  beds,  but 
gradually  decrease  in  numbers  and  almost  die  out  in  the  upper 
beds.  The  family  Monograptidsa,  including  the  genera  Monograptvt, 
Ogrtograptut,  and  RaariUt,  appears  to  be  confined  to  the  Silurian, 
and  the  only  other  families  represented  are  the  Diplograptidra  and 
Retiolitidn.  Stromatoporoids  become  abundant  in  the  Silurian, 
and  are  associated  with  corals  as  important  rock-builders.  The 
principal  genera  are  SUroTtiatopora,  Labeehia,  and  Olaihrodwtyon. 

Bohinoderma. — Of  this  claes  the  crinoids  are  by  far  the 
most  abundant,  more  than  fif^  species  having  been  found  in  British 
Silurian  strata.  The  following  genera  are  specify  characteristic  of 
the  Silnrian :  Callierinue,  Clonocrinvi  Crotalocrinus,  Etierinut, 
Hapdoerimu,  Marrupioerinui,  Ptsocrtniu,  and  Peruchoerinui ;  and 
besides  these  the  genera  OyathtKrinvx,  Tchtkyocrimu,  Encalyptocntiiu, 
BapaiMrirau,  and  Taxocrinut  make  their  first  appearance.  Cyeti- 
deans  continue  to  occur,  and  the  genera  Ltpadocrinut,  Flacocyttit, 
Pttndcerinut,  Pronoeytlit,  and  Schixoeygtis  are  specially  characteristic 
of  the  Silurian  period.  An  Echinid,  the  genus  Palcechimu,  makes 
it«  appearance. 

Orustaoea. — Trilobites,  though  not  quite  so  numerous  as  in 
the  OrdoTieiao,  continue  to  be  common,  moat  of  the  species  belong- 
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ii^  to  tbo  genera  Calymene,  Phaeoft,  Enrnruinit  Harpee,  Addatpi*, 
IlUenut,  Homaloru>tiu,  Lidiat,  Gheintria,  Proet'M,  and  Deiphon,  the 
last  only  being  exclusively  SilmiAn. 

Besidea  trilobites,  aoother  remarkable  and  extinct  order  of 
Crustacea  makes  its  appearance — the  Meroitomata — with  the  genera 
EurypteruM,  PUrygotiit,  Stylonurue,  Hemiagpis,  and  Neolimuliis. 

SrEtohiopodB.  are  remarkably  abundant.  Most  of  the  Ordo- 
vician  genera  recur,  such  as  Litigula,  Ortki4,  L^Uetia,  RhyHcKonella,'^ 
Stroplumena,  aa(l.TTipUcia;  and  the  following  genera  make  their  first 
appearance :  Atrgpa,  Aihy-ris,  Ckrmetes,  Dayia,  Glaesia,  Otfriia,  Cyrtina, 
Pmlamema  Iflonehidium),  Sridclandia,  Bhynehotreta,  iWsia  {Bhyn- 
chotpira),  and  Spirifer. 

Iiamelllbranchia. — Members  of  this  class  also  become  more 
abundant  in  the  Silurian  period,  about  100  species  being  known 
in  England  belonging  chiefly  to  the  following  genera,  Cardiola, 
C'ardiomorpha,  Ctenodonta,  (Mhonotiu,  GUidephoTV,s,  Gromtni/Jra,  Am- 
bonyckia,  Plerincca,  Conocardium,  LunulieaTdium,  and  Modiolopsit. 

O-astropodB.  are  also  fairly  numerous,  about  sixty  apeciaB 
being  known  from  the  English  Silurians.  Most  of  them  are 
referable  to  the  following  genera :  Plearalomaria,  Murchieowia, 
SriferopAon,  Platydugma,  Tnxhus,  Ompkalolrochta  {Horiottoma), 
Gyclonenia,  Eunema,  Holopea,  Hoiopelia,  Platycera>  {  =  Aeroculia), 
and  Snhuliles.  The  last  genua  is  noteworthy  aa  poseeaaing  a 
channelled  mouth,  all  the  rest  being  holostomouB. 

Oephalopoda. — These  are  also  numerous,  and  include  species 
of  Orthocercn,  Phragmocerai,  Gomphocerat,  TrorlmceTai,  Liluitei,  Cyrio- 
cera$,  Actinocera*,  and  Aicoceras,  the  last  being  only  known  as  a 
Silurian  form. 

Fishes. — The  earliest  remains  of  vertebrate  animals  hitherto 
found  in  Britain  occur  in  the  Ludlow  aeries,  and  are  the  remains 
of  fish  belonging  to  the  class  or  order  Agnatha.  The  chief  genera  are : 
Pteriupis,  C^hala^pis,  AiidisTuupiii,  and  Seaphanpu  (all  Flacodenns 
and  known  from  their  bony  dermal  plates),  EukrratpU  and  OneKa$ 
(spines),  and  ahagreen-like  plates  referred  to  Sphagodus  and  Thelodvt. 

The  greater  part  of  the  Silnrian  system  is  capable  of  subdiTision 
into  zones  by  means  of  the  graptolile  faunaa,  and  though  these  are 
not  equally  developed  in  all  localitiea  they  always  occur  in  the 
same  order  of  aucceasion.  No  species  have  yet  been  recognised  in 
the  Upper  Ludloiv  beds,  but  from  the  Aymestry  limestone  downward 
the  following  zones  have  been  recc^ised  : — 

'  MosatB.  Hall  and  Clarke  have  sliown  tliat  rasny  of  the  Pulaoioic 
RhjnchonBllaa  iliffer  from  the  Meaoioic  types,  and  are  more  properly  referred 
to  new  genera.  They  donbt  i(  a  true  Rhyndionella  existed  iu  Pslteoioic 
times,  bnt  this  view  is  not  yet  accepted  in  England. 
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j.  Chllon  Orillithi. 


0.  MoDQ^ptufi  aplratlii. 
b.  Koatnteg  peregnniu. 
t  MonognptOB  gregnrlcis. 


r.  Monoi^mptDS  B^il^'ickL 
/.  Monogisplus  priodon. 
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{Zone  of  Honograptus  leintvardineniB. 
tumesceos. 
;;       ;;      Niksom. 
,,  „  viilguis. 

CjrtogToiptaB  LuDdgrenL 
rigidus. 
,,  LtunarseoDi. 

,  „  avmiuetricDs. 

MoDograptus  nccortonensiB. 
Cyrtograptiu  Mnrchisoni. 

Monoeraptns  criajius  iind  M.  exigaus. 

Bastnt«8  maiirooa. 

MonagToptua  apinigeruB  uid  Ojptogr&ptiu  cometa. 

„  gregariuB. 

Djplograptus  acumin&tus  and  TeeiouliMiu. 
The  following  ftre  some  of  the  other  fouila  which  aie  specially 
characteristic  of  each  of  the  three  Silurian  eeries  or  diviBiooB  : — 

FoisiU  of  the  Llandovery  and  Valtntian  Serie* 
AcUnmoa.       Petrain,  bino,  Liadstrcemia  snbduplicata,  Pinacopois  GrajL 
Sydroioa.       (See  table  of  graptolite  zones). 
Echinoderma,   Palffichiiitia  Phillipsi  (but  dodb  are  common). 
Crvttaixa.       IIIkiiiis  ainulus,  PhacopB  Weayeri,  ProetuB  StokesL 
Braehiopoda.  Lisgnla  Cnimona.  Atrypa  hemiBpherica,  Meristella  crassa, 

M.  sneUBtifroQB,  Stricklandia  lene,  Feotameraa  oblongCB, 

P.  undatuB,  OrthU  reversa. 
ZameUibranehia.  Ctenodonta  Eastnori,  Orthonota  amjgdalina,  and   0. 

inoniata  (both  range  into  Wenlock). 
Oattropoda.     Turbo  tntorqnatns,  Holopella  coucdlata,   Ompbalotrocbn* 

prenuutiuB. 
Cephalopoda.  Tretoceraa  bisipbonatum,  Cyrtooeras  approximatmn,  Ortbo- 


FomUs  of  the  WerUock  Series 

A^ino::oa.  Acervukria  luiuriBiia,  Aracbnopbylliun  tfpiis,  Strombodea 
diffluens,  Cratbophilluiii  tnmcatuni,  Omyphjma  turbina- 
tnm,  Heliofites  inte'rstinctuB  (from  Bala),  H.  Graji,  Faro- 
sitea  gottlandicus. 

Hydroioa.        (Sea  table  of  graptolite  zonta). 

Etkinoderma.  Aotiaoorinus  (Glytocrinua  T)  pulchor  (from  L.  Llandov,), 
Periechourinua  monilifonnia,  Crotalocrinus  rugoei}(^  Har- 
supiocrinua  ctelatus,  Lcpadoerinus  quadrifaaciatua. 

Cnutacea.  IIIffuub  baiTiensis,  Fhocops  caudatua  (Val.  to  Lnd.), 
1'.  Domiingue,  Calymene  Bliimenbachii  (Bala  to  Lud.), 
Encrinurus  punctatus  (Hala  to  Lud.),  Lichaa  an^us 
(to  Lud.). 

Bnukiopoda.  Atrypa  reticularis,  Peutamerua  galeatus,  Strophomena 
eugtvpba,  S.  rhomboidalia  (Llan.  to  Lad.),  Orthia  mstica, 
O.  elegantiik  (Bala  to  Lud.),  Spirifer  plicatellus,  Retaia 
Barraadi.  KhTnchoDella  borealis,  Cyrtia  exparrecta. 
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c.  StrophomonH  euglypha. 
/  gilrtfer  pUcatellm. 

i.  Gysthopbylluin  tnincstiin 
Dop]i;llaiD  typus. 


Lanullibranchia,  Canliola  interrupto,  Grammysia  cingulata. 
Gattrcpoda.     Horiostoma  dUcors,  U.  msosua,  Eunemacirrhoaiu,  Platjcei'aa 

(Acroculin)  haliotis,  Bellcroplion  dil&tatus. 
C^halopoda.  Orthoceraa  primffivum,  O.  annulatum,  Pliragmoceras  vsntri- 

cosnm,  Gomphoceras  pjriforme. 
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I.  LepiuliKiiDiia  quiiitrtfiHcLBtua. 


Fossils  of  tkt  Ladlmc  Scr, 


Forifira.         lachadites  Kitnigi,  Favospongia  Ruthveni. 

Echiitoderina.  Ichthyocriiiaa   pyrifomiia   (from   Wenlock),    LniiwOTthum 

Miltoiii,  PalieasteT  Ruthveni.  Paln^Qcoma  Colvini. 
Crustacea.       Homalonotna  delphinocephalua  (from  Wenl.),  H.  Knighti, 

Acidaspis   coronnta,    A.    Hushesi,   Pteryfi;otus   arcuatna, 

EutypUrua  abbreviatua,  Heraiaspis  limiiloides, 
Sraehiopoda.   PenUluenia  Knif^hti,  Dayia  navicula,  Rliynchonelta  uuculn 

(from  Val.),OrtliiBlunata,Clionetesatriato11a  (and  var.  lata). 

Discina  nisata,  Lingiila  cdrnea,  L.  Lenisi (froin  WodI.). 
Lainellibranekia.  Avieula  Danbyi  (from  Va].},  Pterinea  ratroflexa,  Csrdiol.i 

Blriats,  and  C.  intamtpta  {both  from  Weill.),  Orthonota 

s«miaiilcata. 
Gastropoda.    Cyclonema  curalli,  Murchisonia  corallj,  Holopella  gregaris. 

Platychiama  belicit«s. 
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r.  XonDgTHptuH  piiodoii. 


r.  Aviculi  Dinbyl. 

L.  Uuiuilaiiutus  dclpbluDceiiluli 
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(kphalopoda.  Orthocerssballatum,  0.ladens«,Lituit«BgiganteuB,  Aacoceras 

BarnLodL 
Fiteta.  Scaphsspis    ludenais,    CephaUspis    oiuatus,    AucheuupU 


Exposed  Abbas  and  Geographical  Range 

In  South  Wales  the  Silurians  emerge  from  beneath  the  over- 
lapping Old  Red  Sandstone  west  of  Narberth,  and  form  a  narrav 
strip  (the  beds  being  nearly  vertical)  for  a  long  distance  between 
the  Ordovioian  and  Old  Bed  Sandstone  areas.  Near  Builth  the 
dip  becomes  less,  and  the  Silurian  outcrop  widens  rapidly,  till 
in  the  Radnor  and  Clun  Forest  districts  it  is  from  12  to  26 
miles  wide.  Moreover,  a  prolongation  of  the  great  Caradoc  fault 
repeats  the  series  along  a  tract  extending  from  Presteiga  by 
Wenlock  Edge  to  Goalbrookdale.  From  Radnor  the  main  outcrops 
run  through  Montgomery  and  eurround  the  periclinal  dome  of  the 
Berwyn  Mountains ;  thence  they  pass  into  Denbighshire,  and 
occupy  the  country  between  the  valleys  of  Dee,  Clwyd,  and 
Conway. 

In  the  south-east  of  Wales  (Cardiff  and  TJsk),  as  well  as  at 
Malvern  and  other  localities  in  Gloucester,  Hereford,  Worcester, 
and  Stafford,  the  Silurians  are  brought  up  again  to  the  surface  by 
anticlinal  or  periclinal  flexures,  forming  isolated  tracts  or  inlieTS, 
surroimded  on  all  sides  by  younger  rocks.  Silurian  rocks  have  also 
been  proved  to  occur  beneaUi  the  Cretaceous  beds  in  Hertfordshire ; 
it  is  probable,  therefore,  that  they  have  a  very  considerable  aiib- 
terranean  extension  in  the  centre  and  east  of  England. 

'  In  the  Lake  District  the  Silurian  rocks  lie  to  the  south-east 
of  the  Ordovician  region  in  Westmoreland,  reaching  from  the 
estuary  of  the  Duddon  by  Coniaton  Water  and  Windermere  to  the 
valley  of  the  Kent  north  of  Kendal,  occupying  the  upper  valley 
of  the  Lune  as  lar  south  as  Kirkby  Lonsdale  in  Lancashire  (see 
map,  Fig.  32). 

In  Scotland  Silurians  occur  along  with  the  Ordovician  through- 
out the  southern  uplands.  Wenlock  and  Ludlow  beds  occur  in 
the  Pentland  Hills,  and  also  in  Lanark.  No  Silurian  rocks  have  yet 
been  found  in  the  more  northern  parts  of  Scotland. 


I.  Shropdiire  and  Radnorikire 

We  shall  consider  this  district  to  embrace  all  the  country  lyiug 
between  the  vaUey  of  the  Severn  on  the  north-west  and  north  and 
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the  boundary  of  the  Old  Bed  Sandetone  on  the  west  and  eouth- 
veet.  This  area  ia  taken  first  because  it  is  that  in  which  the 
Silurian  sequence  was  first  established  by  Sir  R.  MurchiBon,  and 
includes  most  of  the  places  after  which  the  subdivisions  were  named, 
so  that  it  has  come  to  be  regarded  as  a  classical  and  typical  area. 
It  is  also  interesting  because  within  ita  limits  the  more  caLcareoiia 
facies  of  the  formation  can  he  traced  into  its  argillaceous  facies,  and 
because  it  exhibits  the  proofs  of  a  giiiat  unconformity. 

The  northern  part  of  the  area  is  divided  into  a  western  and  an 
eastern  portion  by  the  intervening  tract  of  Ordovician  and 
Longmyndian  rocks,  but  in  the  southern  part  the  Silurian  beds 
unite  to  foi'm  a  broad  tract  of  country  extending  to  Clun,  Kington, 
Presteign,  and  Rhyader,  and  supporting  several  outliere  of  the  Old 
Red  Sandstone. 

The  general  strike  of  the  Silurian  rocks  is  front  north-east  to 
south-west,  and  in  ihe  eastern  part  of  the  district  the  prevalent  dip 
is  to  the  south-east.  The  succession  of  the  rock-groups  in  the 
Wenlock  and  Ludlow  district  is  shown  in  F^.  44. 

Llandovery  Beds. — The  complete  series  of  Llandovery  Beds 
is  only  found  within  the  western  pu^  of  the  area  near  Rhyader  in 
Radnor,  and  has  recently  been  worked  out  by  Mr.  H.  Lapworth, 
from  whose  account  the  following  is  taken.*  He  describes  tlie 
Lower  Llandovery  under  the  name  of  the  Gwastaden  group,  the 
Upper  Llandovery  as  the  Caban  group,  and  the  Tarannon  shale  as 
the  Rhyader  pale  slates.  The  Qwastaden  beds  seem  to  succeed 
the  Bala  beds  without  an;  break,  but  there  ia  a  strong  unconformity 
between  the  Gwastaden  and  Caban  groups,  and  the  latter  is  over- 
lapped by  the  Rhyader  slates,  so  that  the  structure  of  the  district 
is  somewhat  complicated.  Fig.  43  is  one  of  the  figures  given  bv 
Mr.  Lapworth,  and  ia  a  diagrammatic  view  of  the  succession  and 
of  the  relations  of  the  rock-groups  when  faults  and  folds  are 
eliminated. 

He  estimates  the  thickness  of  the  Gwastaden  series  at  over  lOOO 
feet,  that  of  the  Caban  group  as  1500  (maximum)  ;  that  of  the 
Rhyader  (Tarannon)  slates  is  not  given,  but  they  eitend  over  a 
large  area  of  ground  between  Rhyader  and  Llanidloes,  where  they 
are  probably  151)0  feet  thick,  so  ^at  in  this  district  the  Llandovery 
or  Valentian  aeries  has  a  total  thickness  of  nearly  5000  feet. 

When  traced  eastward  or  south  eastward  the  Qwastaden  series 
are  found  to  thin  out  entirely  and  the  thickness  of  the  Caban  beds 
and  Tarannon  shales  is  greatly  reduced.  North-east  of  Builth 
they  form  quite  a  narrow  band  and  rest  unconformably  on  Llandeilo 
slates.  At  Corten  near  Presteign  coarse  brown  Llandovery  grits  rise 
from  beneath  purple  shales  which  are  probably  Tarannon  beds. 
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but  the  base  is  not  erposed.     When  the  group  aj^in  emerges  on 
Shropshire  it  consists  of  the  following  membera  ; — 

Purpl*  ahttlea  (  =  T«nuiDOB  Shale)    .  .     200  to  400  fe«L 

Pentameriu  limestone 30  to    40    „ 

Basement  grits  and  conglomerates  .         .         .         0  to  120    „ 

The  basement  beds  rest  unconformably  on  Ordoviciac,  Cambrian 
and  LongmTndiaii  in  different  parts  of  the  area,  varying  gieatlj  in 
thickneaa  and  iii  places  thinning  out  altogether  so  aa  to  leave  the 
overlying  limestone  in  contact  with  the  older  rocks.  Thus  the 
Pentauerus  limestone  is  really  a  sandstone  rendered  calcareous  by 
the  quantity  of  included  fossil  shells.  The  commonest  fossils  are 
Peiitaiiienu  oiZon^iM,  P.  undalwi,  SIricklandia  lent,  Atrypa  hemiejAa'ita, 
Strophomejia  pecUii,  EncrinjiTia  piinctatut.  The  overlying  shales 
consist  in  the  Wenlock  district  of  purple,  red,  and  green  shales 
with  few  fossils,  and  are  distinguishable  by  their  coloun  from  thi; 
overlying  Wenlock  shales. 

Wenloolc  Seriea. —  These  beds  ate  well  exposed  along  the 
tract  which  extends  from  Downtun  to  the  river  Severn  at  Ckal- 
brookdale,  where  they  form  the  escarpment  ridge  known  aa  Wenlock 
Edge  (see  Fig.  44).  The  best  account  of  the  succession  here  found 
is  that  given  by  Mr.  Maw  in  1881  and  confiruied  by  Professor 
Lap  worth.  ^ 

The  lowest  barren  sliales  of  Mr.  Maw  probably  include  the 
Tarannon  Shales,  so  that  the  thickness  of  the  Wenlock  series  will 
not  be  more  than  200  feet  The  Buildwos  beds  are  exposed 
in  a  small  cliff  opposite  Buildwas  Abbey,  and  are  shales  which 
yield  an  immense  number  of  small  brachiopoda,  Orthit  bikba,  0. 
elegantida,  0.  Lewitt,  0.  hybrid,  Leptana  segmtntum,  Nucltotpira 
pititm,  and  Atrypa  Barrandi.  Mr.  Maw  considered  these  beds 
to  represent  the  Woolhope  Limestone  of  more  southern  localitieE. 
The  Tickwood  beds  are  shales  with  layers  of  nodular  limestone, 
the  shales  predominating  in  the  lower  part  and  the  limestones 
in  the  higher  part  below  the  massive  limestone  of  Wenlock  edge, 
so  that  it  is  not  easy  to  say  where  the  one  ends  and  the  other 
begins.     FossUs  are  abundant  in  these  beds. 

The  Wenlock  Limestone  is  well  exposed  at  Benthall  Edge  and 
in  quarries  near  Wenlock  ;  it  is  a  gray  earthy  limestone,  generally 
lying  in  thin  beds  with  shaly  partings,  and  is  highly  foasiliferous. 
Some  of  the  beds  appear  to  be  largely  made  up  of  corals  which 
weather  out  finely  in  the  spoil-heaps,  while  others  contain  quantities 
of  Brachiopoda  and  Moliusca.  The  firet  100  feet  of  shales  above 
the  limestone  form  a  passage  from  the  Wenlock  to  Ludlow  beds, 
many  Wenlock  species  ranging  up  into  them,  while  they  also  contain 


.V  Google 


SILURIAN  SYSTEM 


3       I  '-■- 

s  Miss  I  j?tM 

£  3  i 

i  !  J        1  i 

s  Isssi  I 

s  .«||s|  S   -• 


s  6 


j;;r 
liiii 


II 
5* 


SiS5S-|  I  ii^i 


.    ^.■.'i  ^ 

hi  I  I 

1.  I     ils|B  ^ 


.V  Google 


148  STEA.TIGEAPBICAL  GBOLOGY 

ShynekOTtella  mUoni,  Strophonuna  furetilata,  and  Ckonttu  lepitma, 
which  are  Ludlow  forms. 

When  the  beds  are  traced  south-westward  to  Presteign  and 
Ajmestry  the  Wenlock  Limestone  is  found  to  diminish  greatly  in 
thickness,  while  another  band  of  linieatone  eet«  in  for  a  apace  at 
a  lower  level  i  this  is  the  Woolhope  LlmeBtone  ;  but  when  the  beds 
are  traced  westward  from  Presteign  iato  Badnor  both  these 
limestones  thin  out  and  leave  a  continuous  series  of  shales  and 
mudstonea. 

The  subdivision  of  this  mudstone  Bcries  was  practically  impoe- 
aible  so  long  as  lithological  differences  only  were  relied  upon  as 
a  means  of  classification,  but  in  1680  Professor  Lapworth  drew 
attention  to  the  graptolite  fauna  of  these  beds,  and  expressed  the 
belief  that  "  by  the  aid  of  the  lowly  graptolite  the  geologist  of 
the  future  will  be  able  to  read  olf  the  natural  succession"  of  the 
monotonous  Silurian  miidatones.  This  has  recently  been  accom- 
plished in  Radnorshire  and  West  Shropshire  by  Miss  G.  L.  Elles* 
and  Misa  E.  At.  R.  Wood,^  the  former  dealing  with  the  Wenlock 
succession  and  the  latter  with  the  Lower  Ludlow. 

The  country  round  Builth  may  be  taken  as  the  type  of  this 
graptolitic  facies  of  the  Wenlock  series,  and  Misa  EUea  has  shown 
that  it  contains  a  fauna  of  twenty -three  species  and  varieties  of 
gniptolites,  by  means  of  which  it  can  be  divided  into  sii  zones. 
The  succession  of  the  beds  is  shown  in  Fig.  45,  which  is  taken  b; 
permission  from  her  paper.  The  total  thickness  appears  to  be 
about  2500  feet,  but  there  are  two  partial  breaks  in  the  series, 
for  the  flagstones  of  zone  4  overlap  the  beds  below,  so  that  in  one 
place  they  rest  on  the  lower  part  of  zone  S,  and  again,  there  ia 
reason  to  think  that  the  upper  beds  of  zone  5  are  sometimes 
concealed  by  an  overlap  of  zone  6  (GyTtograplut  Lundgrmi),  which 
represents  the  Wenlock  limestone. 

Ludlow  Beriea. — The  Lower  Ludlow  shales  consist  of  soft 
gray  sandy  shales,  often  showing  a  tendency  to  spheroidal  structure, 
and  their  total'  thickness  is  about  900  feet  in  the  Wenlock  and 
Ludlow  district  In  the  Wenlock  area  they  do  not  contain 
graptotites,  but  have  yielded  many  other  fossils,  of  which  the 
following  are  some  of  the  commoneat ;  Lingvia  lata,  Shynthontlla 
Wilami,  Bh.  niicula,  LepUma  Irrvigata,  Ghortetes  striattUa.  At  the 
top  of  these  shales  there  are  some  beds  of  earthy  flagstone  which 
■re  quarried  and  are  known  as  the  Leintwardine  flags ;  they 
contain  remains  of  starfish  (Lapworthura  and  Palaocimui),  large  Qrtko- 
eerat,  and  Arthropods  of  the  genera  flerygotui  and  Euryplerui. 

The  Aymestry  Limestone  is  a  bluish  gray  earthy  limestone  of 
varying  thickness,  and  often  split  into  several  beds  by  intercalated 
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bandt!  of  ehale  ;  at  Ayraestty  it  is  well  exposed  in  the  gorge  of  the 
liver  Lugg,  and  is  utid  to  be  175  feet  thick.  Ita  commoue«t 
foBsils  are  :  Liitgula  Levnsi,  Pentamerwi  Knighti,  Bhynchonella 
fl'iUoni,  and  Dayia  juivieula.    The  map.  Fig.  46,  ahows  the  outcrops 


of  the  Ludlow  beda  near  Leintwardine,  Ludlow,  and  Aymestiy, 
and  is  borrowed  by  permission  from  Miss  Wood's  paper  above 
mentioned. 

The  Upper  Ludlow  shales  conaist  principally  of  soft  gray  shalj 
mudstones,  generally  weathering  brown,  with  thin  layers  of  eaithy 
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limestone.  The;  are  well  exposed  near  Ladlow,  where  diej  are 
probably  from  500  to  600  feet  thick,  and  thej  contain  Lingnia 

m/mima,  Ditdna  rugata,  Orthit  lunaia,  Dayia  navievia,  and  Homalo- 
nolut  KtiighiL  At  the  top  of  these  mndBtoiiea  ia  a  bed  of  greeni«li 
gray  argillaoeoua  aandatone  surmounted  by  greenish  laminated 
Bandstones,  including  a  thin  layer  consisting  of  the  bones  and  spines 
of  Gah  and  large  Crustacea;  this  layer  is  known  as  the  "bone  bed," 
and  has  been  met  with  at  many  localities. 

The  bone  bed  is  succeeded  by  the  Downtoa  sandstone,  a  fine- 
grained and  thin-bedded  yellowish  sandstone,  which  is  quarried 
for  building  stone  at  Downton  Castle  near  Ludlow,  and  contains 
Idngvla  cornea,  Pleratpit  Bankti,  Enryptenis  lineatiu,  and  other 
Meroatomata.  This  is  about  80  feet  thick,  and  is  succeeded  by 
reddish  flagstones  and  olive  green  shales  which  yield  Lingula  cornta 
with  remains  of  fiah  and  Crustacea.  The  highest  beds  are  purple 
sandstone  still  containing  Lingula  cornea,  and  the  total  thickness 
of  the  group  is  beliered  to  be  300  feet* 

The  Ludlow  seriea  maintains  a  similar  faciea  as  far  as  Aymeatry 
and  Presteign,  but  when  traced  into  Kadnor  the  limeatone  band  is 
reduced  to  a  few  thin  and  interrupted  layers,  some  beds  consisting 
mainly  of  Pentamerui  Knigkti  and  others  of  the  small  Dayia 
navic\da.  But  at  the  same  time  graplolitea  begin  to  be  abundant 
in  the  lower  shalea,  and  the  graptolite  fauna  of  these  beds  has  been 
studied  by  Miss  E.  M.  B.  Wood,  who  finds  that  near  Ludlow  and 
again  at  Builth  the  Lower  Ludlow  shales  can  be  divided  into  five 
zones  by  means  of  the  graptolitea,  the  descending  succession  being 
as  follows  1 — 

Fuet. 
6.  Zone  of  Mtmograpliis  Uintiixinliiicnsii,  including  the 

Ajmestry  limestone 400  to  500 

4.   Zone  of  ManOffraplua  tumaceia 100  to  S20 

3.  Zone  of  MonograplKa  acanicus 260  to  100 

2.  Zona  of  Monograpliu  NUstotii \  .^^  .    ^^ 


.  Zone  of  Monoffraplut  vulgarU 


In  the  country  round  Kington,  Clnn,  and  Radnor  Forest  these 
graptolitic  sbalea  are  succeeded  by  a  great  thickness  of  brownish 
sandy  shale  with  beds  of  brown  flagstone  and  sandstone,  which  are 
shown  in  the  sections  of  the  Geolc^ical  Survey  to  be  from  1700  to 
2000  feet  thick.  In  this  district,  therefore,  the  Ludlow  series 
appears  to  he  about  3000  feet  thick. 
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S.  South  IVaUt 

This  dietrict  includes  the  continuation  of  the  main  outcrop 
through  Caermarthenahira  from  near  LlandoTcry  to  the  south-wett, 
together  with  some  eipoEUres  in  Pembrokeshire  and  the  iuljing 
tracts  near  Cardiif  and  Usfc. 

Llandovery  Series.- — Near  the  town  of  Llandovery  both  the 
upper  and  lower  groups  of  this  Keriea  are  well  developed.  The 
lower  group  is  about  1000  feet  thick  and  contains  many  fossilB, 
auch  as  Orthit  eUganfwla  and  other  species,  Mei'utella  cmtta, 
Pentamgmt  oblongw,  Strophomtmi  ptcUn,  corals,  and  trilobites.  The 
upper  group  is  from  300  to  700  feet  thick  and  is  also  fossiliferous, 
about  70  per  cent  of  the  species  being  common  to  both  groups. 
The  junction  of  the  two  groups  can  be  seen  at  Noeth  Orug,  and  ia 
there  apparently  conformable,  but  the  upper  group  overlaps  the 
lower  elsewhere.  In  Pembrokeshire  they  crop  out  here  and  there 
from  beneath  the  overlapping  Old  Red  Sandstone,  as  near  Haver- 
fordwest,^ hnt  they  are  not  exposed  in  the  Cardiff  or  Usk  inliers. 

Wenlook  Series. — -The  Llandoveriea  are  succeeded  by  the 
Wenlock  shales,  but  as  the  lower  part  of  these  shales  is  overlapped 
by  the  higher  zone»  (see  p.  148),  and  as  near  Llangadock  the  Lower 
Lndlow  shales  pass  over  part  of  the  Wenlock  series,  according  to 
the  observations  of  Miss  E.  M.  R.  Wood  (op.  eii.  p.  440),  the 
outcrop  of  the  Wenlocks  is  gradually  narrowed.  This  series, 
however,  reappears  in  the  inliers  of  Cardiff  and  Uak  (see  below). 

Ludlo'w  Series. — The  Builth  type  of  Ludlow  beds  can  be 
followed  southward  to  Llangadock,  but  between  that  place  and 
Caermarthen  tfaey  are  overlapped  by  the  Old  Red  Sandstone.  In 
the  Cardiff  inlier  the  following  sequence  was  described  by  Professor 
Sollas." 

Feet. 
Grit  bed  with  fish  remains. 


'  Concealed  beds 
Lower  Lndlow,  sandstones  and  shales  with  fossils 
'Calcareous  Bandstciiea  with  thin  beds  of  limestone 

and  shale  (Wenlock  fossils) 

Flajwy  sandstones  and  thin  bed  of  limestone 
Sandstones  and  shales      ...... 

Massive  yellow  sandstones  (Rliymney  grit) 
.Greenish  gray  mudstones  and  sandstones . 
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It  is  noticeable  that  the  thick- 
ness of  the  Ludlow  series  Ib  here  very 
small,  and  though  Mr.  Stmhaa  has 
Bince  found  reason  to  include  in  it 
some  of  the  beds  placed  by  Mr. 
Sollaa  in  the  Old  Bed  Sandstone, 
Btill  these  can  only  represent  the 
Downton  beds,  and  the  thickness  of 
the  Ludlow  proper  has  diminished 
from  1450  to  364  feeL 

In  the  Usk  district  the  thickness 
of  the  combined  Ludlow  and  Wen- 
lock  series  so  far  as  exposed  is  about 
1200  feet,  and  the  Wenlock  lime- 
stone is  more  defined,  and  in  places 
has  a  thickness  of  20  to  30  feet  of 
e  limestonea 


/                           ^    E'S  3,  The  Eauleni  Irdieia 

I                          t    "Sv  These  are  ail  inlying  tracts  of 

/                            ^    ce  no  great  width  brought  up  by  anti- 

'                                 "JT   ^*  clinal  flexures  or  faulted  upthrows, 

.                                   I    ''"  snd  surrounded  by  tracts  of  newer 

I  ,                                I  rocks.      There   are   eight  of  these 

I  I                                    g  inliera  —  those  of   Tortworth,   May 

►   I                                B        .  Hill,  Woolhope,  Malvern,  Abberley 

\                               %    =i  Hills,  Lickey  and  Eubery,  Dudley 

*                              *    ||  Hills,  and  Walsall. 

P    J.2  The  general  facies  of  the  beds  at 

&^     .                          I    ^-J  ^"  these  places  is  similar,  and  re- 

S    I S  sembles   in   the   main    that   found 

^     >■=  near    Ludlow    and    Ayniestry,   the 

p    t!«  monotony  of  the  shales  and    mud- 

^  stones  being  broken  by  three  bands 

I  of    limestone,    the    Woolhope,    the 

"  Wenlock,  and  the  Aymestry  lime- 

E     .  ^  stones,  which  form  tiold  escarpments, 

=J  and  give  rise  to  very  picturesque 

^  i  scenery  (see  Fig.  47). 

^^  The  most  complete  succession  is 

'£-^  found  in   the  Malvern,  May  Hill, 

^  Z.  and   Woolhope    areas,   and    it    will 

5s  suffice  to  give  some  account  of  the 
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first  of  theae.  The  Malvem  Hills  consist  of  a  tract  of  Cumbrian 
and  Pre-C«nibrian  rocks  (see  Figs.  48  and  49)  which  are  faulted  on 
the  eastern  ride  against  Triassic  sandstoneB,  bo  that  the  Silurian 
etiatft  are  only  exposed  on  the  western  aide. 

L»*>>"0-  Hills. 


F.  Loner  Ludlow  iiIuiIch. 


Llandovery  Beds. — The  Lower  Llandovery  is  not  represented 
in  this  region,  the  lowest  beds  being  of  Upper  Llandovery  age  and 
known  as  the  May  Hill  sandstone.  This  group  is  about  1000  feet 
thick,  and  consists  of  (I)  a  lower  set  of  sandstones  and  canglomeTat«8 


HiEh  Wood 


of  gray  and  purple  coloura  about  600  feet  thick,  and  yielding  the 
usual  fossils,  together  with  CtewAmda  Baxtnori,  and  Litigula  crwmena; 
(S)  an  upper  set  of  gray  laminated  aandntones  and  shales  from  3S0 
to  600  feet  thick  with  Pentamerw  lent,  P.  M7irfatm,  etc,  the  highest 
beds  being  shales  which  are  doubtless  equivalent  to  the  Tarannon 
aliales.  The  conglomerates  rest  unconformably  upon  the  Cambrian 
■hale«  where  these  are  exposed,  but  do  not,  according  to  Professor 
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Oroom,  past  over  them  on  to  the  older  rocks,  aa  formerlj  snppoaed, 
but  are  elsewhere  faulted  against  the  Pre-Cambrian  rocks. 

The  Woolhope  Limestone,  with  a  thickueas  of  from  20  to  &0  feet, 
occnTB  at  the  base  of  the  Wenlock  series.  The  thicknen  of  the 
Wenlock  Shale  was  given  as  640  feet  by  Phillips,  but  may  be 
greater,  and  the  Wenlock  Limestone  consists  of  sereral  beds  from 
10  to  30  feet  thick  divided  hy  shales,  so  that  it  includea  some  SCO 
to  S80  feet  of  beds. 

The  Lower  Ludlow  and  the  Aymestry  Limestone  sncceed,  bnt 
the  Upper  Ludlowa  and  Psasage  beds  differ  somewhat  from  those 
of  Shropshire.  Tbey  were  traversed  by  the  railway  at  Ledbury 
and  described  by  Mr.  W.  S.  Syraonda,  who  recorded  the  following 


l>et. 

O.B.8.     Bed  marls  and  sandstones. 

/"Gray  marls  and   sandstones  with  fish  remuna  and 

^  ^  I     Lingitla  cornea 20 

;^'s -!  Pnrple  shales  and  sandstones  with  Zin^ufa         .  34 

«-g  [Gray  shales  and  grit  (CepAffl/isj)i"»)       ....  8 

I,  Red  anil  mottled  beds  with  Ling-iUa  and  FieraapU  310 

Yellow  (Downton)  sandstone 9 

Upper  Lndlow  shales HO 

Aymestry  limestone  (in  the  tunnel). 

The  base  of  the  Upper  Llandovery  is  only  exposed  at  one  other 
locality,  namely,  in  the  small  tract  of  the  Lower  Lickey  Hilt  in 
■WorceBterahire,  where  it  rests  on  the  Cambrian  quartsite.  The 
May  Hill  and  Woolhope  inliers  are  periclinal  domes,  the  centres  of 
which  are  Occupied  by  a  certain  thickness  of  May  Hill  beds,  while 
the  overlying  beds  dip  outwards  in  every  direction  and  the  lime- 
stones form  nearly  continuous  ridges  or  escarpmeuta. 

The  following  table  ahowa  the  thickness  in  feet  of  the  several 
subdivisions  in  the  four  principal  districts  ; — 


i      272 

MV  HilL 

! 

Woolliope. 

3Ulfordinil' 

Ledbury  shales 

ts 

70 

Upper  Ludlow  shale. 

HO 

100 

160 

Absent    ' 

Aymestry  limestone  . 

80 

20 

20 

25       1 

240 

220 

160 

160       1 

Wenlock  absle  . 

tt40 

eoo 

900 

soo 

MayHi\l            /Upper    . 

50 

00 

60 

40 

400 

200 

270 

}n» 

.        600 

200 
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4,   North  fFaUs 


It  waa  stated  on  p.  148  that  when  the  Shropshire  Silurians  are 
traced  westward  into  Badnor  and  Montgomery  the  calcareous  bands 
die  out,  the  Brgillaceous  beds  increase  in  thicknesH,  nnd  areimceons 
beda  appear  in  all  three  portions  of  the  series  ;  and,  further,  that  a 
lower  group  of  Llandovery  beds  makes  its  appearance  at  the  base. 
This  RodnoT  facies  still  persists  when  the  beds  are  followed  northward 
from  the  valley  of  the  Severn  through  Mont^mery,  Merioneth, 
Aud  Denbighshire,  and  the  general  succession  is  as  follows  : — 

Fpet. 
.      About       4000 
ma  beds  .         .         .         ,,  1700 

(Tarannon  shale  ) 

Valentian  i  Graptolitic  mudstonos  [      .  ,,      BOO  to  800 

(  Corwen  grits  J 

This  succession  as  developed  in  the  valley  of  the  Dee  is  illus- 
trated by  the  section.  Fig.  50. 

Valentiaii. — We  prefer  to  use  this  name  for  the  equivalents 
-of  the  Llandovery  beds  in  this  and  more  northern  districts  because 
thej  present  such  a  different  facies  from  that  of  South  and  Central 
Wales.  The  equivalent  of  the  Lower  Llandovery  appears  to  be 
persistent  through  North  Wales,  but  it  is  of  small  thickness,  and 
the  Upper  Llandovery  is  absent,  or  represented  by  beds  which 
b&ve  been  included  in  the  Tarannon  shale.  Near  Bala,  and  also 
at  Corwen  in  the  valley  of  the  Dee,  the  Himant  beds  (Upper  Bala) 
are  succeeded  by  gray  and  white  sandstones  with  bands  of  coartie 
and  pebbly  sandstone.  The  true  position  of  these  beds  was  first 
indicated  by  ProfesBOr  Hughes  in  1877,'"  and  they  are  stated  to 
be  from  SO  to  300  feet  thick.  Fossils  are  rare  in  them,  bnt 
MeritteUa  cratta  and  Pentamenu  oblongtu  have  been  found.  They 
pass  up  into  soft  bluish  gray  or  black  shaly  mndstonce  which 
<Kintatn  Monograptui  gregarnu,  Mon.  ttnuit,  and  CliTnaeograptiu 
tu»^m<Uii,aiid  these  pass  up  into  pale  Tarannon  slates,  each  of  these 
divisions  being  about  300  feet  thick. 

The  palKontoIogical  succession  has  been  made  out  more  fully 
near  Conway  by  the  Misses  £lles  and  Wood,'^  as  follows  : — 

Taranjum   diala,  alteraatiDg   gray    ahales   and    flogs   containing  Mono- 
graplMS  txiguyia,  if.  turriculalTia,  M.  pandtta,  and  if.  runeinalia. 

Upper  Llandovery,  gray  flags  with  thin  layers  of  black  shale,  vhich 
canUio  graptolites,  inolndmg  Diplograptm  lamaritcua,  CliiRacograpl'Ui 
itortnalii,  Monograjitvs  gregariia,  SaatrUet  pengrima,  and  R.  in 
The  base  is  not  seen. 
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The  authots  remark  that  the  part  of  the  Tarannon  Shalea 
eipoeed  maj  be  correlated  with  the  Lower  Oala  beds  of  Scotland, 
and  that  the  upper  zone  of  Monograptiu  Graym  is  absent  or  concealed 
hj  an  orerlap  of  the  Wenlock  ghales. 

Wenlock  and  Ludlow  Series.— The  moat  accurate  and 
detailed  information  on  the  repreeentativee  of  these  beds  in 
Denbighahire  is  found  in  the  paper  by  Mt.  Philip  Lake  on  South 
Denbigh,'*  those  by  Professor  Hughes  on  the  Siluriana  of  the 
valley  of  the  Clywd,'*  and  in  notes  by  Miss  Elles  and  Miss  Wood." 
Combining  the  observations  and  correlations  of  these  authors,  ve 
find  that  the  succession  may  be  geneialised  as  follows : — 

{6.  Gritty  mudstones  and  wavy  banded  coucratiouary  mud- 
stones  of  Moel  Ganol. 
5.  Gray  landed  mudatoues  and  sandstones  with  Aeidaspi) 
augheai. 
4.  Nautglyu  flags  with  "Adiaocrinvspuleher,"  lUiynchaiulla 
ni^alOt  Datjia  navicula,  OrUiotaTis  Sedgvndd,  O.prim- 
ccvum,  Cardiola  inUrrupta,  and  Moaograptva  NUsatmi. 
".  lloel  Fema  slates  with  Mtmograplu)  priodon  aiftl  J/. 

Fleming. 
J  2,  Pcn-y-glog  grit  with  Mtrixleila  tumida,  Strophomena 
depraaa,  ^lacopa  ip.,  and  Encrioites. 
.  Pan -y.glog  slates  with  Gyrtograptua  Murchixmi,  KetiotiUa 
geiniU^iania,  Mojiograpiu)  priodim,  and  M.  vmfierinue. 

The  slates  at  the  base  are  the  equivalents  of  the  lower  part  of 
the  Wenlock  Shales,  and  the  same  fossils  have  been  found  in  beds 
overlying  the  Tarannon  Shales  near  Conway.  The  Moel  Ferna 
beds  most  include  the  representative  of  the  Wenlock  Limestone,  but 
they  yield  very  few  foBsils,  The  Nantglyn  flags  represent  the 
Lower  Ludlow  beds,  and  Miss  Elles  has  recognised  two  zones  in 
them,  a  lower  zone  of  Mim<igraptut  mtlgarii  and  a  higher  one  of  M. 
Niittoni.  In  the  valley  of  the  Dee  Mr,  Lake  found  some  micaceous 
Sagslones  which  contain  Monograpliti  UintwardensU  in  abundance, 
and  these  cannot  be  far  below  the  horizon  of  the  Aymestry  Lime- 
stone. This  zone  is  probably  to  be  found  in  the  banded  beds  (No, 
5}  of  the  Clywd  valley  section,  but  has  not  yet  been  detected  there. 
In  South  Denbigh  the  highest  beds  occur  at  Dinaa  Bran  near  Llan- 
gollen, and  have  yielded  OrthoceTot  Sedgvndci,  UuetUUla  eaatctata, 
Dayia  navicuia,  ChoneUi  vunivui,  and  other  fossils. 

The  series  is  incomplete  owing  to  the  unconformable  super- 
position of  the  Carboniferous  rocks,  but  it  probably  included  still 
higher  beds  comparable  to  those  of  Westmoreland,  for  fragments  of 
■ach  beds  occdt  as  pebbles  in  the  basement  conglomerates  of  the 
Carboniferous  aystem. 
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5.  WeAmoreland 


The  Silarian  sequence  in  the  north  of  Eogl&nd  does  cot  differ 
greatly  from  that  of  North  Wales,  but  it  is  much  moK  complete, 
has  been  more  fully  investigated,  and  the  beds  are  also  rather 
more  foBsiliferouB,  so  that  they  are  more  easily  subdivided.  For 
a  long  time  the  correlation  of  the  Westmoreland  groups  with  those 
of  Shropshire  and  Radnor  was  very  uncertain,  but  the  recent  studies 
of  graptolJtes  by  Messrs.  Uarr  and  Nicholson  and  by  Miss  Q. 
Elles  have  p]ac«d  the  comparison  on  a  sounder  basis. 

The  Westmoreland  succession  was  first  examined  and  described 
by  Professor  Sedgwick  ;  it  was  subEequently  mapped  by  the  officers 
of  the  Geological  Survey,  and  has  been  studied  by  Mr.  Marr  and 
others.  The  following  is  the  classification  which  embodies  the 
results  of  all  these  workers. 

Valentian.  —  Where  the  sections  are  most  complete,  as  in 
Stockdale  and  at  Spengiil,  there  are  no  arenaceous  beds  of  the 
Llandovery  type,  but  a  series  of  shaly  mudstoues  resting  directly 
on  the  Ashgill  Shales  with  apparent  conformity.  In  some  parts  of 
the  area,  however,  the  lowest  shales  are  replaced  by  a  few  feet  of 
gritty  conglomerate.  The  ordinary  facies  is  known  as  the  Stockdale 
Shales;  its  total  thickness  is  not  more  than  250  feet,  and  it  is 
divided  into  two  subgroups  :  (1)  the  Skelgill  Beds  ;  (2)  the  Browgill 
Beds."'  By  the  Geological  Survey  the  groups  are  called  {\)  the 
Qraptolitic  mudstones  and  (3)  the  Pale  elates. 

The  Skelgill  Beds  have  a  thickness  of  TO  or  7&  feet,  and  have  at 
the  base  a  thin  limestone  containing  Atrypa  fitxxwta,  succeeded 
by  shale  with  DimorpkograptTis  ccn/ertut.  The  middle  beds  contain 
Monograpta*  grrga.Tiii»  and  BattriUt  ptregrimu,  with  EmTinnnu 
ptmcUUits  and  Phampi  ghiher.  The  higher  beds  yield  M(mogra<ptu$ 
tpinigerut  and  JVf.  Clingani,  with  many  trilobites,  and  in  the 
SpengUl  section  there  is  a  still  higher  band  containing  Battrita 
nxmntiu  in  abundance. 

The  Browgill  Beds  are  thicker  (about  140  feet)  but  less  fossil- 
iferoua.  They  are  divisible  into  three  parts :  (1)  a  zone  of  Mcno- 
graptut  tUTTicitlahu ;  (2)  a  zone  of  M.  critput ;  (3)  barren  ahalea 
and  grits. 

Wenlook  Serlea.— The  beds  referable  to  this  stage  consist 
almost  entirely  of  llagston.es,  shaly  in  the  lower  part,  gritty  above. 
They  nre  thus  divisible  into  two  groups  : — 

1.  TKe  BraOtay  Flags  are  bluish  laminated  flags  of  line  grain 
about  1000  feet  thick,  and  are  comparable  with  the  Wenlock  Shale. 
They  contain  CyTtograptnt  Murchitoni,  Monograptm  priodon,  and 
if.  vommntw. 
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ii.  T7it  ColdwU  6ntf.— These  are  part  of  Mr.  Uarr'g  "Coldvell 
Beds,"  '^  but  as  there  now  seemi  little  doubt  that  the  lower  part  of 
thes«  beds  is  Salopian,  and  that  the  higher  port  is  of  Ludloir  age, 
it  will  be  convenient  to  speak  of  the  lower  group  as  the  Coldwell 
grits,  and  of  the  higher  group  as  the  Coldwell  flags.  The  lowest 
beds  afe  coarse  graj  grits,  and  are  probably  equivalent  to  the  zone 
of  CffTtogTaptui  Liiiidgreni  (see  p.  138!.  The  "Middle  ColdweU 
Beds"  are  flagg;  calcareous  grits,  and  contain  manf  species  of 
OrtiMetrat  with  Cardiola  inttrrupta  and  Phacopt  obtimeavdatw,  but 
have  not  yielded  any  graptolites,  so  that  their  exact  position  is  some- 
what doubtful ;  but  we  may  regard  them  sa  probably  of  Weulock 
i^e.     The  total  thickness  of  the  Coldwell  grits  is  about  1500  feet. 

Ludlow  Beilsa. — This  series  is  of  enormous  thickness  in  West- 
moreland, and  is  divisible  into  four  separate  stages  or  groups. 

i.  17u  OoldiutU  Flagt  (or  Upper  Coldwell  Beds)  are  gray  gritty 
flags  from  1000  to  2000  feet  thick.  They  have  yielded  Mono- 
graptu*  coUmui  and  M.  Bameri  with  Acidaapia  RughtMi,  Phacopt 
Stijien,  Adinoarinut  puUher,  Pterinaa  tenuiAriata,  and  TentacvlUa 
Unuitf  and  are  clearly  of  Lower  Ludlow  age. 

iL  The  Oonitton.  Oritg.— These  represent  the  upper  grits  of 
Wales,  and  are  about  4000  feet  thick.  Fossils  are  lare,  but  Cardiola 
inUrrupta,  Pterinaa  tmuUlriata,  and  Orthocena  sufrundwioium  occur, 
and  near  Sedbergh  there  is  a  band  of  coarse  grit,  about  1200  feet 
from  the  base,  which  contains  Bayia  navicala,  GhoneU*  lata,  and 
Orthit  litTuUa,  these  being  Ludlow  species,  and  reappearing  later  on 
in  the  h%her  beds  of  the  same  area. 

iii.  BannitdaU  Slatee. — These  beds  have  a  total  thicknesa  of 
about  6000  feet  The  lower  portion  consists  of  sandy  mudstones 
with  thin  beds  of  hard  sandstone.  Fossils  are  rare,  but  the 
presence  of  MonograptuA  leintyjardintJini  throughout  indicates  that 
they  represent  the  higher  part  of  the  Lower  Ludlow  shales.  Other 
fossils  are  Orthocenu  primavum,  0.  suintndulatum,  and  a  variety  of 
Colytntne  Blummbachi  have  been  found.  The  higher  beds  consist 
of  bluish  thin-bedded  sandstones  with  subordinate  beds  of  shale,  con- 
taining Pnlattvr  Miltoni,  Dayia  navicula,  Cucidlella  Cawdori,  Pkacopt 
Downingia,  and  other  fossila  There  is  also  a  calcareous  band 
which  contains  Paltm^ter,  ProUiu  laOfrom,  and  Dayia  navicula,  and 
has  been  identified  by  Mr.  Aveline  with  the  Aymestry  limestone. 
These  beds  are  about  1200  feet  thick. 

iv.  r^  Kirkby  Moor  Flag*  are  massive  greenish  and  gray  land- 
Btones,  with  calcareous  (fossiliferous)  bands,  passing  up  into  thin- 
bedded  fl^s.  This  group  is  more  than  2000  feet  in  thickness. 
FoHila  are  abundant,  the  following  beiDg  some  of  the  most  char- 
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Lingijla  cornea.  GramiDjEia  cinKulat&. 

DiHcina  nagata.  Cyclonoma  ooraiUL 

Spirifera  elevata.  Holopella  gregariik 

Cltonates  lata.  Orthoceras  ludense. 

Orthcmota  aniygdalina.  LitiiiMa  ibei, 

6.  South  of  Scotland  . 

Hie  Silurian  succession  in  this  region  was  lirst  deciphered  hy 
Profeasor  Lapworth,^*  who  described  the  two  gpecial  facies  exhibited 
by  the  rocks  of  Volentian  age  near  Moffat  in  Dumfries  aad  near 
Qirvan  in  Ayrshire.  More  recently  the  whole  region  of  the 
southern  uplands  has  been  described  in  detail  by  Messrs.  Peach 
and  Horne.^"  .  The  Silurian  rocks  occupy  the  southern  half  of  the 
upland  region  in  a  broad  belt  from  20  to  30  miles  in  width, 
and  extending  from  the  Berwick  coast  on  the  east  to  that  of 
Wigtown  on  the  west.  On  the  northern  side  they  occur  as  isolated 
exposures  in  Ayrshire,  in  Lanark,  and  in  the  Pentland  Hills. 

Valentian. — In  Dumrries  and  the  central  belt  the  lowest  beds 
are  soft  black  shales,  known  as  the  Birkhill  Shales ;  they  lie 
conformably  upon  the  Hartfell  Shales  (Bala),  are  equivalent  to  the 
SkelgiU  Shales  of  Westmoreland,  and  are  of  about  the  some  tbicknete 
(140  feet).  (See  Figs.  35  and  36,  p.  119.)  They  are  rich  in  grapto- 
lites,  and  are  divisible  into  the  following  zones  ; — 

Zone  of  Rastritefl  maiiiniiB. 

„  Mono^^ptuB  spiiiigerus. 
„  Petalograptua  cometa. 
Lower   I     "      „  Monograptus  gregariua. 
Birkhill  I     ■•      ..  DipbgraptusvenonlosuB. 
I,    „      „  i>iplograptns  acuiniDatus, 

These  shales  are  succeeded  by  a  thick  series  of  aedimente,  from 
3O0O  to  4000  feet,  which  are  called  the  Gala  group  by  Profeaaor 
Lapworth,  and  have  been  divided  by  the  Survey  into  the  following : — 

3.  Hawick  beds.     Shales,  flags,  etc,  few  fossils. 

2.  Queensberry  grits.     Massive  grits  with  some  layers  of  shale  but  few 

1.  Abbotsford  flags.     Flags  and  shales  with  Monograplus  twrrievXaivt, 
M.  crixpM,  M.  exig^ius,  etc 

In  the  Girvan  area  the  Birkhill  shale  is  represented  by  a  mnch 
thicker  series  of  a  Llandovery  type,  the  lower  beds  containing 
Lower  Llandovery  fossils  and  the  upper  beds  including  a  limestone 
with  many  fossils,  such  as  Pentamernt  oblongtu,  Strickkmdia  Uju, 
lUmniu  (emtUui,  and  Phacopt  ^IcetL  Above  this,  and  representing 
the  QaJa  group,  are  the  Penkill  beds,  with  a  thickness  of  1000 
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feet,  the  topmost  of  ttteae  being  mudstones  contAining  Oyrtcgraptui 

Salopian. — In  the  main  belt  the  Gala  group  ia  succeeded  by 
the  Riccarton  Beds,  a  seriea  of  conglomerates,  grits,  mudatonea,  and 
shalea  from  1000  to  1500  feet  thick,  and  containing  Oyrtograpttu 
JUvrehitoni,  Monoffraptw  vmntrintu,  and  M.  prtodon.  At  Raeberry 
near  Kirkcudbr^ht  there  are  still  higher  beds,  consistii^  of  green 
niArla  with  limestone  nodules,  which  are  either  highest  Wenlock  or 
possibly  of  Ludlow  age. 

In  the  Qirvan  area  th«  representatives  of  the  Wenlock  Beds 
consist  largely  of  unfoeailiferons  flagstones,  and  only  the  lower  pan 
of  the  series  is  exposed.  This  is  divided  into  two  groups  by  Professor 
Lapworth.  The  lower  or  Bargauy  group  consists  of  fine  thin  bedded 
flageton<»  with  interstnitified  shales,  and  has  a  thickness  of  about 
700  feet,  the  only  fossils  being  the  giaptolites  MonogTaptui  aeus  and 
if.  priodon.  The  higher  group  he  called  the  StraJtoQ  Beds,  at  the 
base  of  which  are  olive-green  flags  well  seen  at  Drumyork,  succeeded 
by  shales  containing  Monogroftut  vomerimu,  Cardiola  fibrota, 
Ortkimota  Imncata,  and  other  fossils.  The  highest  beds  seen  are 
purplish  grits  and  conglomerates  which  pass  beneath  Carbonifecous 
sandstones,  the  exposed  thickness  of  the  Strsiton  group  being 
about  900  feet. 

The  highest  beds  referable  to  the  Wenlock  series  are  well 
exposed  in  Lanark,  where  they  are  no  less  than  2200  feet  thick 
(see  table  below),  and  yet  do  not  include  any  beds  comparable  to 
those  near  Straiton  ;  hence  there  seems  to  be  a  gap  in  the  succession, 
and  the  full  thickness  of  this  series  in  Scothind  is  not  yet  known. 

Ludlow  Series. — These  beds  are  not  found  in  the  m^n  belt 
nor  in  tha  Qirvan  district,  but  only  in  Lanark  and  the  Penttand 
Hills,  where  the  following  succession  has  been  reci^ised  : — 

iChocolats  coloured  gandatones  .        .         .   ~i  Feet. 

Conglomarate  with  i[uarti  pebbles  ,         .         .1  „--- 
Madstones  and  shales  with  Hah  &ud  eurypterids  l'^'"'' 
Red  and  yellow  sandstones  and  mudstones       .  J 
Red  and  green  shales  with  Plaiyaraa  simutaTis      1480 
Brawn  sandstones  with  Orthocerat  .        .        .   \ 
Green  and  gray  shales  and  modstones  .    I 

Hassiye  sandstones  and  grits  ....    [2200 
Qreen,  rod,  and  purple  shales  with  euryptsrids    I 
Starfish,  crinoids,  and  corals  ,  .         .    ) 

The  beds  which  are  bracketed  as  having  a  thickness  of  STOO  feet 
were  formerly  grouped  with  the  Old  Eed  Sandstone,  but  are  regarded 
by  the  Geological  Survey  aa  the  equivalents  of  the  Downton  and 
Ledbury  beds.  They  include  a  band  of  shales  which  has  yielded 
many  remains  of  fish  and  Meroetomata.  The  fish  faaua  is  of  great 
M 
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interest,  as  tivoof  the  genera  belong  to  a  family  which  has  hitherto 
been  known  only  from  scales ;  these  genera  ure  Ththdut  and 
Lanarkia,  belonging  to  the  fomilj'  CieloUpidtc,  which,  according 
to  Dr.  Traqnair,  are  nearly  related  to  the  Fteragpida,  although 
they  have  superficial  resenihloncea  to  the  sharks.  Other  new 
genera  found  in  these  beds  are  Ateleiupii,  Birkenia,  and  Lamniiu. 
The  Merostomata  include  species  of  Slylonvrut  and  EjiTyptemt, 
and  the  Cruat&cean  Ceratiocarit  is  also  present.  The  underlying 
Ludlow  shalee  have  yielded  the  earliest  British  arachnid  in  the  form 
of  a  scorpion  {PaltetqAonut),  a  genus  first  described  from  remains  in 
the  Silurian  of  Qottland  (Sweden). 

7.  Irtland 

Rocks  of  Silurian  age  succeed  the  Ordovician  series  in  many 
parts  of  Ireland  ;  they  may  be  described  as  exhibiting  two  different 
facies,  the  one  comparable  with  the  Scotch  type  and  the  other  with 
the  Llando very- Wen!  ock  type. 

IiOBteni  Faoies. — Valentian  rocks  of  the  Birkhill-Qata  type 
occur  in  the  north-eastern  and  central  counties,  and  probably  they 
extend  under  the  whole  of  Central  Ireland  down  to  the  coast  of 
Waterford.  Bocks  having  the  same  general  character  as  the 
BirkhlU  shales  and  Gala  series  of  Southern  Scotland  range  through 
the  counties  of  Down,  Armi^h,  Moni^han,  and  Cavan  ;  it  has 
in  fact  been  found  that  the  greater  part  of  the  tract  which  was 
coloured  as  "  Lower  Silurian "  on  the  older  geological  maps  of 
Ireland  consists  of  Valentian  rocks.-'  The  older  beds  (Birkhill 
shales)  occur  chieSy  along  the  north-west  border  of  the  area,  and 
have  yielded  the  characteristic  graptolites,  Dtplo^raptut  fvlivm, 
M<y>u)praptvt  gregaritu,  M.  Stdgwkki,  and  Sa»irUt4  mozimui'. 
South  of  this  zone  are  rocks  of  Qala  type  containing  Monograptus 
priadon,  M.  tarricalatut,  and  AT.  rUcartonnuU,  while  in  County  Loutli 
there  are  rocks  comparable  to  the  Riccarton  group  with  "Wenlock 

Graptolitic  Valentian  beds  have  also  been  foimd  near  Pomeroy 
in  Tyrone,  and  again  far  to  the  south-west  in  Clare,  Tipperary,  and 
Waterford,  where  large  inliers  of  Silurian  and  Ordovician  rocks 
are  brought  up  by  anticlinal  domes  from  beneath  the  Old  Red 
Sandstones. 

Western  Faoies. — In  the  district  lying  between  Lough  Mask 
and  Killary  Harbour  (County  Mayo),  and  again  in  the  Dingle  pro- 
montory of  Kerry,  there  are  thick  developments  of  the  whole 
Silurian  system,  and  here  the  deposits  give  evidence  of  the  close 
proximity  of  land. 

In  Mayo  the  lowest    beds  are  conglomerates,   sandstones,  and 
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Bb&leB,  the  coDglomerates  contaioing  pebbles  of  ibe  Pre-Cambrian 
schists  and  quartzitea,  which  lie  to  the  southward  in  Connemara, 
while  the  finer  beds  have  yielded  Atrypa  Jiemispherica,  llitBnut 
Bmcimanni,  Encnnurat  pujiHatui,  and  other  foasila.  These  beds  are 
orerlain  hj  sandatoaes  and  Hhales  costaiiiing  Wenlock  fossils,  ami 
these  are  succeeded  bj  the  Salrock  beds,  red  shales  with  red  and 
greea  grits,  soms  of  which  are  full  of  small  Lingula  {L.  Symmuiii), 
with  P(en7H»([  retToflexa  and  Tnchus  miiUitorjuatiii,  and  may  be  of 
Ludlow  age. 

In  the  Dingle  promontory  the  ascending  snccessiun  is  as 
follows  :  ^ — 

(1)  Smerwick  beds,  a  thick  series   of  red,  green,  and  yellow 

sandstones  with  bands  of  conglomerate ;  fossils  rare,  but 
Atrypa  hemitpheriai  and  others  have  been  found  at  certain 
localities. 

(2)  Ferritero  Cove  beds,  greenish  sands  and  shales  with  bands  of 

red  sandstone  ;  these  beds  are  2500  feet  thick  and  contain 
fossils  of  Wenlock  Hpecies. 

(3)  Croaghmarhin  beds,  hard  brown  calcareous  grits  with  Pen- 

tamitnii  Knighti  and  other  Ludtow  fossils.  These  dip 
southward  at  a  high  angle  and  pass  below  a  great  series 
of  green  and  purple  grits  and  shales,  which  are  known  as 
the  OlengariS  grits,  and  believed  to  be  of  Devonian  age. 
See  Fig.  62,  p.  193. 

COSIBMPORANEOUS   VOUJAHIC   ROCES 

The  only  district  in  England  where  volcanic  rocka  are  aaaociateil 
with  Silurian  strata  is  that  of  Tortworth  in  Gloucestershire. 
Though  the  existence  of  igneous  rocks  had  long  been  known,  it  is 
only  quite  recently  that  they  have  been  carefully  examined  and 
proof  obtained  of  their  being  really  contemporaneoua  with  the  beds 
in  which  they  occur.  Professors  Lloyd  Morgan  and  H.  8.  Rey- 
nolds^ have  shown  that  there  are  two  sheets  of  basaltic  andesite  ; 
the  lower  sheet  underlies  rocks  with  Upper  Llandovery  fossils,  and 
the  upper  sheet  appears  to  lie  between  the  Llandovery  and  a  lime- 
stone of  Wenlock  age,  and  both  have  associated  ash  beds. 

The  only  other  tract  in  the  British  Isles  where  evidences  of 
Silurian  vulcanicity  are  known  to  occur  is  in  Ireland  in  the  Dingle 
promontory  of  Kerry.  The  best  sections  are  in  the  cliffs  near 
Clt^her  Head,  where  the  iuterstratification  of  the  lavas  and  tuffs 
with  the  fosailiferous  Weulock  beds  is  beautifully  exposed.  Sir  A. 
Oeikie  describes  the  lavas  as  nodular  feUites,  the  nodules  being 
from  the  size  of  a  pea  to  that  of  a  hen's  egg,  and  the  associated 
pyroHilaetic  rocks  vary  from  fine  pumiceous  tuffs  to  coarse  agglomer- 
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ates.  One  of  these  beds  U  a  coaree  a^lomerate  about  15  feet 
thick,  consisting  of  large  blocks  of  felsite  embedded  in  calcareons 
candstone  which  ia  full  of  the  casts  of  brachiopodB,  crinoids,  and 
corala  The  district  has  been  recently  examined  by  Messrs.  S.  H. 
Reynolds  and  C.  T,  Gardiner,  who  kindly  inform  me  that  some  uf 
the  lavas  are  rhyolites,  and  that  all  are  of  acidic  character. 

From  these  facts  we  leam  that  a  volcano  existed  in  this  part  of 
the  Silurian  sea,  and  that  from  time  to  time  it  burst  into  eruption, 
pouring  forth  lava  streams  and  ejecting  showers  of  stones  and  ashes, 
which  fell  into  the  surrounding  sea  and  were  spread  out  on  its 
floor,  while  between  eacli  epoch  of  eruption  marine  sediments  of 
the  usual  kind  were  greatly  accumulated. 

Continental  Equivalents 

Racks  of  Silurian  age  occur  in  Scandinavia,  Russia,  Bohemia, 
Thuringia,  Carinthia,  Belgium,  north-west  of  France,  the  Pyrenees, 
and  Spain.  We  shall  only  refer  briefly  to  those  in  Scandinavia, 
Russia,  Bohemia,  and  France. 

Scandinavia. — The  Silurian  series  of  Scandinavia  has  been 
compared  with  those  of  Britain  by  Mr.  J.  E.  Marr,'''  and  the  follow- 
ing account  is  taken  chiefly  from  his  description.  The  principal 
districts  in  which  the  rocka  occur  are  Chriatiania,  Scania,  Dalecarlia, 
Westrogothia,  and  Ostrogothia.  It  may  be  mentioned  that  the 
total  thickness  of  the  series  in  Scania  (some  6000  feet)  is  much 
greater  than  the  Scandinavian  Silurians  were  formerly  credited 
with.     In  the  other  distriotB  it  ia  less  than  1000, 

The  basement  beds,  as  pointed  out  by  Mr.  Marr,  do  not  always 
rest  on  the  same  member  of  the  Ordovician  system,  so  that  there 
are  local  unoonforraities  in  Sweden  as  in  Britain.  At  the  base 
there  is  sometimes  a  conglomerate  (as  near  Chriatiania),  but  in 
Sweden  the  base  is  a  calcareous  grit  or  gritty  limestone  overlain  by 
shales  containii^  Man.  lobiferua,  which  contain  Llandovery  trilobites 
and  brachiopods  with  some  graptolites,  thus  exhibiting  a  kind  of 
intermediate  facies  between  our  Llandovery  and  Blrkhill  types. 

The  Lobiferus  beds  are  succeeded  by  the  Retiolites  (or 
Cyrtograptui)  shales,  which  correspond  with  our  Wenlock  shales, 
and  present  a  succession  oF  graptolite  zones  that  closely  correspond 
with  those  established  by  Miss  Elles  at  Ludlow  and  Builth,  the 
highest  being  the  zone  of  Cyrtograpt\ii  Lundgreni,  and  therefore 
probably  the  equivalent  of  our  Wenlock  limestone. 

The  Cardiola  shales,  which  consist  of  shales  with  lenticular  beds 
of  limestone  and  are  3000  feet  thick,  niuit  represent  our  Lower 
Ludlow,  for  they  contain  the  characteristic  graptolites  Motwgraptut 
tcanicut,  M.  Nilttoni,  M.  eoioniu  and  M.  bohemirju.     At  the  top  is 
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a  foBSiliferous  limestone  with  Homaionotut,  corali,  and  brachiopods, 
which  Kems  to  be  homotaiiel  with  our  Aymeatrj  limestone,  and 
gtill  higher  is  a,  Eandatone  that  is  comparable  with  the  BowntoiE  beds. 
Thus  in  Scania  the  important  sequence  of  Cambrian  and 
Ordovician  rocks  (see  pp.  91  and  124)  is  continued  aa  follows ; — 

Feet. 

Downton     ^Yellow  sandstone  of  Kaerrstorp  800 

and  -iGresn  shales  and  limestone  ....  400 
Ludlow    [CardioU  shales 8000 

Wenlock     =  CyrtogrsptUB  ahali 


The  Isle  of  Oottland  is  wholly  composed  of  Silurian  attato, 
consisting  chiefl;  of  limestonea,  oolite,  ajid  marls  full  of  fossils. 
The  base  is  not  seen,  but  the  beds,  exposed,  although  only  about 
200  feet  thick,  include  representatives  of  the  LlandoTery,  Wenlock, 
Bud  Ludlow  series. 

BUBBla. — In  the  Baltic  provinces  of  Busaia  the  whole  sjatem 
is  similarly  reduced  to  a  thickness  of  less  than  300  feet,  and  yet 
alt  three  stoges  are  represented.  The  beds  consist  of  soft  horizontal 
and  unaltered  strata,  chiefly  marls  and  limestones,  the  general  aspect 
of  which  is  like  that  of  our  Secondary  roche. 

Bohemia.- — In  this  region  the  Siluriane  have  a  greater  thicknesa 
(2000  to  3000  feet),  and  present  a.  complete  sequence  of  highly  fossil- 
iferous  rocks.  They  were  mode  famous  by  the  laborioua  researches 
of  Barrande,  and  his  subdivisions  have  been  correlated  with  the 
British  sequence  by  Mr.  Marr,  to  whose  paper  the  reader  is  referred.** 

Franoo. — Silurian  rocks  occur  in  Normandy,  Brittany,  and 
Languedoc,  and  the  following  account  of  the  succefsion  found  in 
Brittany  is  taken  from  that  by  Professor  Barrois.^'  He  notea  that  in 
this  area  the  Silurian  has  the  character  of  a  carbonaceous  slate 
formation,  that  brachiopoda  and  trilobites  are  seldom  found,  but 
that  graptolites  are  abundant  and  that  cherts  with  radiolaria  also 
occur.  It  is  clearly  a  deep-water  facies  of  the  Silurian,  just  as  the 
MoCTat  series  is  a  deep-water  facies  of  the  Ordovician.  The  highest 
beds  are  absent  by  erosion,  and  the  following  is  the  succesaion  found 
in  descending  order  :— 

^  [6.  Cardiola  ilatts. — Poor  in  fossils  except  where  there  are  layers  of 
.«  calcareo-silioeaua    nodulea    containinfc    Orihoceras    itylouUum, 

'^  Cardiola  intemijila,  and  other  Lamellibranehs. 


g  fS.  jimpelilts  1^  Poliffni  vit]i  ^ou.  spiTalU  ^nd  Cephalograj'lvs  foUum. 

a  J  ^'  ^^'^^^^  "f  ■A'<tj<nt^  laminated   chert  beds  with   radiolaria  and 

W  graptolites  (floaWies  and  J/ira.  lobi/eriu). 

^  1^1,  Fine  sandstones  and  shales  without  fossila. 
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Physical  asd  Gboorapbical  Conditions 

We  have  seen  that  in  some  districts  the  Silnriaa  deposits 
ancceeded  the  Ordovician  willioutanj  break  or  sign  of  disturbance, 
while  in  others  great  diaturbance  and  upheaval  took  place  at  the 
commencement  of  the  period,  followed  hj  renewed  subsidence, 
during  which  the  materials  gained  from  the  land  tracts  were  quietly 
spread  over  the  sea-floor,  and  that  finally  a  general  incoming  of 
sandstones  indicates  a  general  elevation  of  the  whole  British  region 
and  a  narrowing  of  the  areas  of  deposition. 

Let  us  first  glance  at  the  testimony  afforded  by  the  characters  of 
the  sediments  in  different  places  during  Valentian  and  Wenlock 
times  in  respect  to  the  relative  depth  of  water  and  distance  from 
land.  Thus  we  find  that  deep-water  deposits  occur  in  Brittany, 
over  Central  and  Eastern  Ireland,  and  in  the  extreme  south  of 
Scotland.  On  the  other  hand,  conglomerates  and  sandstones 
indicative  of  shallow  water  and  of  the  nearoeSB  of  land  occur  in 
Wales  and  Central  England,  in  the  north-west  of  Ireland,  and  in 

No  Silurian  rocks  emei^  from  beneath  the  Old  Red  Sandstone 
of  Central  oi  Northern  Scotland,  and  this  absence,  taken  in  connec- 
tion with  the  fact  that  the  final  plication  and  raelamorphiEm  of 
the  older  Poleeozoic  rocks  of  the  Highlands  dates  from  before  the 
epoch  of  the  Old  Red  Sandstone  and  after  that  of  the  Arenig, 
makes  it  highly  probable  that  this  great  terrestrial  disturbance 
was  accomplished  either  just  before  or  during  the  course  of  the 
Silurian  period  ;  this  conclusion  finds  confirmation  in  the  structure 
of  the  north-west  of  Ireland. 

The  outcome  of  these  disturbances  seems  to  have  been  the 
elevation  of  a  large  masa  of  continental  land  over  the  region  of  the 
north  Atlantic,  and  ihe  formation  of  a  series  of  mountain  ranges 
which  had  a  general  trend  from  south-west  to  north-east,  the 
borders  of  this  land  running  through  the  north-west  of  Ireland, 
the  central  highlands  of  Scotland,  and  thence  across  the  North  Sea 
into  Norway. 

The  conglomerates  and  other  Valentian  rocks  in  Ayrshire  were 
probably  formed  off  a  part  of  this  land,  either  against  the  shore  of 
a  promontory  projecting  from  it,  or  round  a  set  of  islands  not  far 
from  the  main  coast-line. 

Farther  south,  over  Central  England  and  the  Welsh  borders, 
was  an  island  of  some  size.  We  have  seen  that  the  Ordovician 
period  closed  with  a  freah  upheaval  of  land  in  this  area,  and  that 
for  a  portion  of  Llandovery  time  this  land  yielded  much  detritus, 
which  was  spread  out  round  its  western  shores  in  the  form  of  the 
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deposit*  which  we  call  the  Lower  Llandovery.  During  Upper 
Llandovery  time  this  land  slonly  sank  again  and  was  covered  by 
Silurian  sediments. 

There  remains  only  to  consider  whence  came  the  great  quantity 
of  sand  wbich  forma  the  chief  constituent  of  the  Wenlock  and 
Ludlow  rocks  of  North  Wales,  Westmoreland,  and  Southern  Scotland. 
The  total  thickness  of  these  rocks  in  Westmoreland  is  14,S00  feet, 
and  though  there  is  no  district  in  Scotland  where  the  succession  is 
complete,  the  eeriea  there  may  originally  have  heen  equally  thick. 
In  Korth  Wales  there  is  &T00  feet  without  a  top.  Some  of  the 
material  may  have  come  from  the  land  to  the  north,  but  Westmore- 
land is  130  miles  south  of  the  Central  Highlands,  and  North  Wales 
is  ahout  200  miles  away,  which  seems  a  great  distance  for  coarse 
sand  Ii)  be  carried. 

It  is  difficult  to  see  where  this  14,&00  feet  of  sediment  could 
have  been  brought  from,  unless  it  came  from  an  easterly  direction. 
It  is  possible  that  the  land  which  existed  over  Central  England 
in  Llandovery  time  was  only  tlie  south-western  extremity  of  a 
larger  and  higher  mass  of  land  which  occupied  a  position  in  what 
is  now  the  North  Sea,  and  that,  though  the  promontory  was  sub- 
merged in  Wenlock  times,  the  mainland  remained  above  the  sea 
throughout  the  whole  period  and  rose  into  lofty  ridges,  whence 
was  swept  down  the  sand  and  silt  that  was  piled  up  to  such  a, 
tluckness  In  Westmoreland. 

Silurian  rocks  of  Westmoreland  type  are  exposed  in  the  upper 
part  of  Eibhiesdale  in  West  Yorkshire,  but  we  have  no  knowledge 
at  present  as  to  their  farther  eastward  extension.  The  only  other 
facts  which  tend  to  confirm  the  above  supposition  are  that  the 
general  trend  of  the  supposed  land  is  parallel  to  that  of  the  north- 
western land,  and  that  further  uplifts  having  the  same  geaeral 
trend  took  place  in  the  succeeding  period  of  the  Old  Red  Sandstone. 
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CHAPTER  X 
DEVONIAN   AND  OLD   RED  SANDSTONE  SYSTEM 

Gmerai  CUunfication  and  Siibdivigu>ru 

We  have  eeen  in  the  last  chapter  that,  where  complete  tectioai  are 
found,  the  Silurian  rocks  pass  upwards  into  a  thick  eerieg  of  red 
uindftonea  (England  and  Scotland),  or  into  an  equally  thick  aeries 
of  gray  and  purple  grits  (Ireland).  It  will  be  shown  in  a  future 
chapter  that  the  marine  carboniferous  racks  always  rest  upon  a  set 
of  red  and  yellow  sandstones,  which  often  repose  un conformably 
upon  some  of  the  more  ancient  Pahoozoic  strata.  The  marine  fauna 
of  the  Silurian  dies  out  at  the  base  of  the  red  sandstones,  and 
when  we  reach  the  next  marine  fauna — that  of  the  Carboniferous 
syatem^it  is  totally  different  from  the  preceding,  so  that  a  long 
period  of  time  must  hare  elapsed  between  the  close  of  the  Silurian 
era  and  the  commencement  of  the  Carboniferous. 

The  groups  known  as  the  Old  Red  Sandstone  in  England  and 
Scotland,  and  the  Olengaritf  grits  or  Dingle  beds  in  Ireland,  are 
clearly  some  of  the  rocks  which  were  formed  in  this  interval ;  and 
if  these  were  the  only  records  of  this  portion  of  geoli^cal  lime,  we 
might  find  it  convenient  to  regard  the  whole  of  the  beds  which 
succeed  the  Silurian  series  in  conformable  sequence  as  belonging  to 
the  Silurian  system. 

But  these  are  not  the  only  strata  which  are  interposed  between 
the  Silurian  and  Carboniferous  systems.  In  Devonshire,  and  in 
many  localities  in  Europe,  there  is  a  thick  series  of  rocks  contain- 
ing a  marine  fauna  which  is  evidently  of  intennediate  age  ;  further, 
in  Germany  the  stratigiaphical  proof  of  their  interposition  between 
Silurian  and  Carboniferous  rocks  is  complete.  It  is  this  marine 
series  which  must  be  taken  as  the  normal  type  of  the  intermediate 
system,  and  any  freshwater  deposits  which  can  be  shown  to  be  of 
the  some  age  must  be  treated  as  local  contemporaneous  or  homotazial 
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Strata     In  America  also  both  typ&  of  the  Derouian  Byetem  are 
present 

The  Devonian.  Byat«m  was  eatahliahed  hj  Sedf^ck  and  Uurchin>n 
in  1839  becaose  they  found  in  Devon  a  great  series  of  rocke 
containing  a  special  assemblage  of  fossils,  and  they  divided  this 
Devonian  system  into  Lovrer,  Middle,  and  Upper  groups  ; 
convenience  of  this  divisioii  has  been  conGimed  by  the  i 
of  continental  geologiete. 

The  Old  Red  Sandstone,  which  elsewhere  occupies  the  poeition 
of  the  Devonian  system,  is  believed  to  he  of  lacustrine  or  estuarine 
origin.  It  has  been  divided  into  a  lower  and  upper  series,  with 
a  middle  series  in  Wales,  but  in  Scotland  there  is  a  marked  uncon- 
formity between  the  upper  and  lower  series,  and  it  ia  doubtful 
whether  the  upper  series  is  really  of  Devonian  age.  It  is 
probable  that  the  Lower  Old  Red  Sandstone  may  be  correlated 
with  the  Lower  Devonian,  that  the  Middle  Devonian  was  formed 
during  the  time  represented  by  the  unconformity  in  Scotland  and 
Ireland,  but  whether  any  part  of  the  Upper  Old  Bed  Sandstone  is 
really  of  Devonian  age  will  depend  very  largely  on  the  results  of 
further  researches  in  North  Devon. 

The  student  will  understand  that  the  rocks  belonging  to  this 
system  require  further  investigation,  and  that  our  nomenclature 
stands  in  need  of  alteration  ;  the  cumbrous  designation  of  Old  Bed 
Sandstone  should  be  relinquished,  and  a  new  name  should  be 
found  for  the  estuarine  Devonians,  while  it  must  be  ascertained 
how  much  of  the  Upper  Old  Red  Sandstone  can  be  correlated  with 
the  Upper  Devonian  of  Devon. 

A  Devonian  Life 

In  Britain  the  only  surface  exposures  of  marine  Devonian  rocks 
occur  in  Devon,  Somerset,  and  Cornwall ;  they  occupy  the  northern 
parts  of  Devon  and  Somerset  between  Morte  Bay  anS  the  valley  of 
the  Tove,  as  well  as  the  outlying  tract  of  the  Qnantock  Hills,  east 
of  that  valley.  Dipping  southward  beneath  the  central  Carbonifer- 
ous area,  they  reappear  in  South  Devon  and  North  Cornwall. 

The  strike  of  these  rocks  is  nearly  due  east  and  west,  and  this 
appears  to  be  maintained  in  their  subterranean  extension  through 
the  south  of  England,  for  rocks  with  the  same  Devonian  fossila 
have  been  met  with  in  borings  beneath  the  Cretaceous  beds  which 
underlie  London  and  Essex.  They  are  known  to  occur  in  the 
same  position  in  Belgium,  and  they  emerge  again  to  the  surface 
in  the  Aideimes,  so  there  is  every  probability  of  their  being  con- 
tinuous across  the  intermediate  areas. 
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Life  of  tee  Period 

As  already  mentioned,  the  Devonian  faaoa  is  intermediate  in 
character  between  those  of  the  Silarian  and  CarboniferouB.  Moet 
of  the  characteristic  Silurian  genera  become  extinct  in  the  Lower 
ani  Middle  Devonian,  while  in  the  Middle  and  the  Upper 
Devonian  many  genera  which  are  prominent  members  of  the 
Carbonifeioos  fauna  make  their  appearance.  Thia  ie  especiallj 
the  case  with  the  brachiopodB,  for  all  the  Lower  Devonian  genera 
are  found  in  the  Silurian,  while  all  those  in  the  Upper  Devonian 
rai^e  into  the  Carboniferous. 

The  following  is  a  brief  account  of  the  principal  genera  which 
survive  from  the  Silurian  period,  and  of  the  more  important  genera 
which  make  their  first  appearance  in  Devonian  rocka. 

Among  Aotinozoo,  A  cervularia,  A  Iveolilti,  Cyathophyllwm, 
Cyttiphyllum,  Favotita,  Heiiolittt,  Slromhodei,  Plagmopora,  and 
Syringopora  continue  from  the  Silurian,  and  Zaphrentoid  corals, 
which  are  rare  in  the  Silnrian,  now  became  abundant.  C'aUcala, 
Hetiopkyllum,  and  PUurodidi/um  occur  only  in  Devonian  rocks. 
Miehdmia,  Zapkrentii,  and  PkiUiptaMtTta  appear  and  range  into 
the  Carboniferous. 

Among  HydroKoa  the  Stromatoporoids,  which  had  some 
representatives  in  Sihirian  time,  become  specially  abundant,  and 
are  characteristic  of  Devonian  liniestonea.  The  principal  genera 
are  8lromai<^ora,  ActiTwitroma,  and  Hermalotlroma. 

Among  Echlnoderma  the  Crinoids  Cyat)u>crinui,  Ichthyocrinue, 
Rhodocrinia,  and  Taxomnui  continue.  VonjcHnta,  Ciepraaoeraau, 
Htxatrinut,  Meieerinui,  Spharocrinui,  and  Wdpidocrinus  are  speci- 
ally Devonian  genera.  Poterwcrin'ut  and  Haplotriniu  appear  and 
survive.  Of  Edniumls  certain  archaic  forms  occur,  such  as  Lepido- 
centnu,  which  has  from  five  to  eleven  rows  of  interambulacral  plates. 

Among  Orustaoeo,  trilobites  are  on  the  decline,  though  indi- 
viduals are  sometimes  common.  Representatives  of  t«n  genera 
have  been  found  in  British  Devonian  rocks,  Aeidaspit,  BroiUeut, 
Cheirarut,  CyphttpU,  lAchai,  Harpes,  HomaUmotvs,  Phacapi,  Proetia, 
and  Dechawila.  Of  these  Phacopa,  Proetm,  Brontevs,  and  VypHatph 
are  the  commonest.    The  Ostracods  Beyrichia  and  Entomis  are  also 


Of  Bracbiopoda  many  of  the  Silurian  genera  survive  and 
many  new  forms  make  their  appearance  ;  of  the  latter  Gyrtinu, 
CentrotteUa,  Davidtonia,  Eenuelaria,  Meganlfris,  Stringocrphalw,  and 
UnciUi  are  only  known  in  Britain  as  Devonian  foEsih,  while 
Canuo'ophoria,  PTodiictua,  Stroplialoeia,  and  TerebratTila  (DieUitmaj 
range  into  the  Carboniferous. 
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Of  Iiamellibranohia  the  following  SiluTian  genera  occur,  but 
those  with  an  aateruk  die  out  wittun  the  period  :  Ambontfehia,* 
Myalina,  Grammyiia,*  Leptodomus,  Ctenodonta,  Cardiola,*  Cleido- 
phorus,*  Oonocardiam,  Cyrtoilrmlo.*  Pltrinea  is  very  ahundant,  and 
the  sub-gcnuB  witli  elongate  wings  {Ad-inodanaa)  is  epeciallj  char- 
acteriBtic  The  following  genera  appear  and  range  into  higber 
Strata :  Airieala,  Aviculopeden,  Cuculiiai,  ParalUlodtm,  Nucula, 
PUurcphorae,  Edmondia,  Protkyrii,  Megalodon,  (Turtonodu,  MffO- 
pharia  (?),  and  SoUtioprU. 

Among  QfiBtropoda  the  following  genera  survive  and  have 
many  Devonian  apeciea  :  Murchitonia,  PUtiroUmiaria,  Euomphaltu, 
atraparoUut,  Ca^pulut,  I/xam&ma,  MatrochUirta,  and  Btilerophon. 
Besides  these  CyeUmtma,  Callonema,  Ewiema,  and  HoiopeUa  occur, 
but  die  out  within  the  period.  ScoliottoTna  and  PhUoxxne  arc 
Devonian  only ;  Natia^mt  and  Ponellia  appear  and  range  upward. 

Among  Oepbalopoda  the  following  continue :  OiAocenw, 
Cyriocenu,  Gyrocerat,  Poterioarai,  Qomjdtocerat,  TroAoeerat,  and 
Phragruiceraa.  The  two  lost  genera  become  eitinct.  Clymenia 
and  Baetritei  are  specially  Devonian,  and  the  Goniatitidfe  make 
their  first  appearance  with  the  following  genera  :  MimtKeras,  Anar- 
ee^u,  Agoniatiies,  Gephyroceras,  Tomocerta,  Matuceras,  BratUMcerag, 
Bdoceroi,  and  Prolttaniia. 

Qt  Pisoes,  PtcTOgpU  and  Scapkatpis  occur  in  the  Lower 
Devonian. 

The  following  are  some  of  the  most  characteristic  fossils  of  each 
division  as  found  in  England,  France,  and  Belgium. 

Foaiils  of  the  Lower  Daioiiiiin  . 

Actirwzoa.       Pleorodictyum  problematicuni,  Zsphrentis  ooUtici. 

Beftinaifemin.  Cyathocrinns  niegastylus. 

BraiMopoda.  Spirifer    prinMeviis,    S.     paradoxicus,     S.    hystericus,    S. 

Irevicoata,  Orthia  arciiata,  Chonetoa  dilatatn,  C.  sarcinu- 

Ista,  Rensellipria  crssaicosta,  L«ptiena  laticosta,  Rbyncho- 

nella  daleidensis. 
Lamellibranckia.  Avioula  snisota,  A.  spinosa,  Ptcrioea  (Kochia)  capuli- 

formis,  CteDodonta  Krachtte. 
Cru^aeea.       Homalonotus  annatua,  H.  Cham i)eni own i,  H.  gigas. 

FossiU  oftht  Middle  Divonian 

Bydra: 

Aditwzoa.  .        ^      .  .... 

nolyntorpha  (oervicomis),  Cyathaphyllum  damnoniense, 
C.  ctespitoaum,  CystiphyUiim  veaiculosura,  Alveolites  sub. 
orbicularis,  Calceola  ssndalina,  Ileliolites  porosns. 

Eekinoderma.  SphKrocriniia  geomttricua,  Heiacrinus  interscapularis. 

CmtUKOi.       Fro«tiis  batillua,  Bronteua  graniilatus,  Cyphaspia  ocellata. 
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BTOthiopoda.  Atirpa  rsticuUta,  A.  deaquaiuata,  Stringocephaloa  Bartini, 
Pentamerua  breviroBtris,  Meristella  )j)ebeia,  UuciteB 
gryphiis,  Streptorhynchua  unibraculiiin,  RliynchoDellft 
acuminata,  R.  euboides,  Cyrtina  hetoroolita. 

LdoitllilM-andiia,  Megalodoa  cucullatum,  Conocardium  clathritum,  Cjpri- 
cardiiiia  scalaris,  Pterinaa  plaoida,  Riitotia  elliptioa. 

Gtatnijpoda,  etc.  Loioiiema  retioulatiim,  Macrochilina  imbrioata,  Murchi- 
sonia  tiirbinata  (and  var.  angiilata),  Pleurotoraaria 
dslphiiiuloides,  Phtloieue  Irevis,  P.  gerpens,  Poruellia 
bifida. 


L  CdJoeola  B&pcULiD&- 


Foaiti  of  tht  Upper  Dtvonian 

Eekinaderma.  Actiaocrinua  Porteri. 

Criiilaeiia.       Phacops  granulatua,  P.  latifrons  (alao  iu  Mid.  Dev.).  Cypris 

(Entomin)  »errato.aCriatn. 
SnUhiopoda.  Spirifem    Verneuilli,    S.    Urei,   3,    dbUns,   Orthis    intor- 

lineata,   Strophaloaia   productoides,    Kliyncbonella    Par- 

tddgis,  B.  UtkoaU,  B.  letiensjs. 
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Lametlibraiahia.  Aviuulk  damnouieEBis,  Cuculliiea  Hardintp,  CUnodonCn 
liratH,  CurtonotM  elegans  (  =  Uyophori»  deltoidaf,  Pro- 
thjris  scalprata,  AviculopecteD  QexiliB.  CardioUj  rctro- 
striatn  (Carilium  ^lalmatiim).  Posidoiiia  veDUsto. 

OaMropoda.     Loxonema  anglicum,  Pleurotoniarm  oapera. 

CephaZopoiUt.  Gejihyroceras  intumfscenB,  Belocei'as  sagittarium,  Cljmenia 
undulats,  Clymcnia  striiita,[Bact rites  gracilis. 


es  polymorpliL  d,  Splrlfer. 
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STBATiaRAPHT 

The  Devonian  rockie  in  England  have  been  so  crushed,  plicated, 
aud  faulted  that  it  ia  no  easj  matter  to  make  out  the  original  order 
of  BUcceaaioa  in  either  North  or  South  Devon  ;  moreover,  thongh 
fogeila  are  abnndant  and  fairly  well  preserved  in  the  limeatones,  they 
are  often  so  crushed  and  deformed  in  the  shales  and  sandstones  that 
they  are  difficult  to  recognise  specifically.  On  the  continent,  however, 
and  especially  in  a  large  area  extending  through  the  south  of 
Belgium  and  Rhenish  Prussia  to  Siegen  and  Wiesbadi^u,  the  rocks 
are  not  so  crushed  and  broken,  bo  that  the  order  of  succession  has 
there  been  Bstisfactorily  determined.  Thus,  though  the  Devonian 
system  was  first  established  in  England  and  bears  an  English  name, 
it  seems  probable  that  in  respect  to  its  subdivisions  the  Belgian  and 
German  districts  must  always  serve  as  the  standard.  In  these 
circamstaaces  it  will  be  convenient  to  give  some  account  of  the 
continental  succession  before  deacribing  the  English  rock)',  and  for 
this  puqx)se  the  Belgian  faciee  seems  to  offer  the  best  basis  of 
comparison. 

1.  Belgium 

In  the  Belgian  Ardennes  Devonian  rocks  occupy  the  greater  part 
of  a  r^on  which  ia  over  100  miles  in  length  and  has  a  maximum 
width  of  about  50  miles,  extending  from  Av^snes  in  thi  French 
Ardennes  to  the  western  part  of  the  Eifel  district  on  the  German 
border.  This  district  may  be  described  as  a  large  basin  which 
includes  many  amaller  troughs  and  anticlines.  Fig.  bi  is  a  section 
acroes  a  portion  of  it,  and  will  illustrate  the  general  succession  of 
the  Devonian  series,  the  total  thickness  of  which  is  estimated  at 
about  14,000  feet.'" 

Lower  Devonian. — The  basement  beds  of  this  division  rest 
nnconformably  on  the  Cambrian  of  the  Ardennes,  and  consist  of  a 
conglomerate  succeeded  by  a  series  of  green  slates  and  flagstones. 
Theae  are  known  aa  the  Oedinnian,  but  have  yielded  very  few 
fossils.  Above  them  is  the  CobUntziaTi,  series,  having  the  white 
sandstone  of  Anor  at  its  base,  followed  by  the  gtajwacke  of  Mon- 
tigny  and  the  grits  and  slates  of  Vireux,  Burnot,  and  Hierges,  the 
whde  being  from  TODO  to  BOOO  feet  thick.  The  Anor  sandstone 
hasaqiecial  fauna,  including  SpiriferprimavnijRentteUariacraMicotta, 
S.  itrigiceps,  Avicala  lamdlosa,  aud  Korhia  capuliformii,  and  appears 
to  represent  a  series  of  beds  which  are  more  fully  developed  near 
Coblentx,  and  are  known  as  the  Taunus  qnortzite  and  Hundsritch 
slate&  The  grits  and  mudstones  above  this  white  sandstone  are 
characterised    by   Spirifrr   paradixetu,   S.    hyttericus,   ShyndiontUa 
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daltidetuii,  MeganteriM  Archiad,  Chanela  tarcinvlata,  C.  dilatala 
and  Ptearodictyitm  problematirum.  At  the  top  are  beda  containing 
Spiri/er  cuUrijut/atut. 

Middle  Devonian. — The  Colceolu  alates  cooaiBt  of  calcAreous 
slatea  and  earthy  limestone  rich  in  foasila.  Stromatoporoids  are 
abimdant,  aa  alHO  are  corals,'  sued  as  CaUeola  $andalina,  Htlioliia 
porota,  Oyathopkyllum  helianthoidet,  and  Alveolitis  tubothiailarit. 
Brachiopoda  also  abound,  especially  Spiri/er  tpeciosus,  S.  (Mrvatiu, 
Pentamxrut  galealue  (?  brtvirostne),  and  Athyrit  amcentrica. 

The  upper  stage  of  the  Middle  Devonian  is  a  massive  limestone 
1300  feet  tliick,  and  is  well  seen  at  Givet  on  the  Meuse,  whence  it  is 
known  as  the  Oivetieu.  Fossils  are  not  numerous  and  are  difficult 
to  extract,  but  include  Stringocephalwi  Burtini,  Spirifer  moiiakaiiM, 
Uneiiti  gryphvM,  Megalodon  cucuUatum,  several  species  of  Murehitonia, 
and  corals. 

Upper  Beronian. — This  also  falls  naturaU7  into  two  stages. 
The  lower  (Frasnian)  consists  in  the  lower  part  of  shales  with 
lenticular  limestones  (calcaires  de  Prasne)  rich  in  fossils,  Spiri/er 
VeTTieuilii,  S.  arbelinniu,  Bhynchonetla  oiboidet,  Camarophoria /ormoia, 
etc  Ahove  these  are  shales  with  Gtphyrocercu  intuniMceat,  Cardium 
(CardioUt)  pabnatnm,  and  others  with  BadriUt  and  Cypridina. 

The  higher  stage  (Famennian)  consists  of  greenish  slates  with 
Spiri/tT  Venuuilli,  S.  dittans,  and  many  Shyndicnellie  (R.  letiaitit, 
etc.),  and  at  the  top  a  limestone  containing  a  mixture  of  Devonian 
and  Carboniferous  species.  In  another  part  of  the  Ardennes  these 
beds  appear  to  be  represented  by  soft  brown  micaceous  sandstones 
(Psammitea  dn  Condros),  wliich  yield  some  of  the  same  fosaila, 
together  with  Cuculbta  Hardiiyji,  Ortkii  crmistria,  Phaeopt  lati/rom, 
and  Palaopterit  hibemiea. 

2.  Sovih  Devon  and  North  Cornwall 

As  stated  on  p.  ITS,  the  rocks  in  this  area  are  so  broken  by  faults 
and  plicated  by  pressure  that  it  is  very  dilficult  to  make  out  their 
order  of  succession,  and  apparently  impossible  to  estimate  their 
original  thickness.  It  will  be  noticed  that  the  section.  Fig.  59, 
shows  a  general  inclination  of  the  beds  toward  the  north,  newer  and 
newer  beds  coming  on  in  that  direction.  This  is  the  rule  in  South 
Devon  and  North  Cornwall,  and  yet  the  prevalent  di])s  actually 
observed  and  recorded  on  the  maps  of  the  Geological  Survey  are 
toward  the  south,  which  would  lead  one  to  infer  a  complete  inver- 
sion of  the  beds.  Mr.  Ussher  informs  me,  however,  that  these 
dips  appear  to  be  those  of  the  minor  plications,  for  not  only  is  the 
whole  system  flexured  into  a  succession  of  curves,  but  each  fleinre 
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is  frilled  into  amaller  plicationB.  The  following  account  is  taken 
chietiy  from  recent  papers  by  Mr.  Uesher,  who  haa  been  occupied 
for  many  years  iu  mapping  South  Devon.^ 

Iio-w^er  Devonian. — The  actual  baae  of  tUa  aeries  has  not  yet 
been,  found,  bat  it  ia  anapected  Uiat  SUurian  rocks  occur  near 
Fowey  and  St.  Austell,  and  conseqaentLy  the  base  of  the  Devonian 
may  eveutually  be  found  in  that  district.  Near  Looe,  on  the 
ComiBh  coast,  there  are  alates  and  grits  containing  badly  preserved 
trilobites  and  brachlopods  which  seem  comparable  to  apeciea  found 
in  the  Oedinnian  or  lowest  Devonian  group  of  the  continent 
Among  these  are  Phacopa  l^Dalmanitei)  laeintattu,  Spirifer  privuBmu, 
S.  hyeteriea.  Owing  to  faults,  however,  their  relation  to  the  neighbour- 
ing purple  and  green  alates  of  Polperro  and  Talland  cannot  be 
proved,  and  lithologieally  the  Looe  beds  resemble  the  Meadfoot 
beds  to  be  mentioned  below. 

The  Polperro  slates  include  beds  of  hard  grit  or  quartzite,  and 
are  identical  in  character  with  the  Dartmouth  slates,  which  form  a 
nearly  coatinuoua  band  across  South  Devon  from  the  mouth  of  the 
Vealm  to  that  of  the  Dart.  In  thia  ares  these  Dartmouth  Slates  and 
grita  appear  to  be  the  lowest  and  oldest  group ;  they  are  succeeded 
by  the  Meadfoot  Beds,  gray  and  purple  alates  and  thin  grita  often 
stained  red,  with  thin  lenticular  calcareous  layers,  the  whole  being 
probably  not  more  than  400  to  300  feet  thick.  Above  these  are  the 
Staddon  Orita,  cooBiBting  of  hard  reddish  sandstones  or  grita  which 
may  be  300  feet  thick  ;  they  are  well  seen  at  Staddon  near  Ply- 
mouth and  CookingWn  near  Torquay,  as  well  as  on  the  Lincombe 
and  Warberry  hills  above  Torquay  (see  map.  Fig.  56), 

The  Meadfoot  Beda  have  also  been  called  the  Homalonotu*  beds, 
as  they  contain  Horn.  arToatiit,  H.  crasgicauda,  with  Spirifer  hytUricju, 
S.  paradaxiu,  and  Pleurodidyxim  probltmatieum.  The  Staddon  grita 
have  yielded  at  Lincombe  and  Cockington  HoTnaUmotiuChampemmBiti, 
S.  gigcu,  Spirifer  cuUrijagatus,  Leptana  laticosta,  Chonttea  sordida,  C. 
tarcinulata,  and  PleurodictyuTiu  From  the  presence  of  these  apeciea 
it  ia  evident  that  this  series  reprwenta  the  Coblentzian  of  Belgium 
and  the  Rhine. 

Middle  Devonian. — In  its  prevalent  facies  thia  condata  of 
gray  alates  with  interbedded  bands  of  volcanic  tuff  and  achalstein 
and  lenticular  beds  of  limestone,  but  in  some  places,  as  near 
Torquay  and  Brizharn,  the  whole  division  seema  to  be  represented 
by  thick  masses  of  limestone  which  are  probably  from  400  to  600 
feet  thick,  but  do  not  eitend  for  any  great  diatance.  The  area 
south  of  Totnes  presents  the  greatest  development  of  volcanic 
material,  eruptions  having  taken  place  in  thia  district  from  the 
date  of  the  earliest  (Eifelian)  slates  to  Upper  Devonian  time,  so 
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that   the   limestoneB   are   here   entirely  repi-esented   by  volcanic 

The  tuffs  and  slates  furnish  few  fossils,  while  ihe  limestones 
have  yielded  a  large  number,  so  that  greater  interest  attaches  to 
the  limeatnne  tracts  in  spite  of  the  fact  that  they  are  isolated 
niassea,  and  are  an  exceptional  rather  than  a  normal  facie*.  At 
the  base  of  the  limestones  there  are  always  shales  with  thin  layers 
of  limestone  which  have  yielded  Spirifer  ipeciosus,  S.  eurvatut, 
Atrypa  reticulata,  Calctola  landalina,  Cyalhophyllum  hetianthoidee, 
and  other  corals.  These  beds  seem  to  represent  the  Calceola  shales 
of  Belgium  (Eifelian),  and  may  be  200  feet  tbick. 

Higher  limestones  ore  found  at  Plymouth,  Brixham,  Torquay, 
Darlington,  Ashburton,  and  aiouud  Newton  Abbot  They  are 
generally  giay,  but  sometimes  mottled  with  brown  or  pink,  and 
are  often  quarried  for  ornamental  marbles.  They  vary  much  ia 
character  and  in  degree  of  alteration  or  marmorisation.  In  some 
places  they  are  full  of  corals  and  have  tbe  aspect  of  ancient  coral- 
reefs  ;  in  others  they  are  rich  in  brachiopods  and  other  shells  (as  at 
Lnminaton  and  Wuolborougb) :  and  again  in  other  places  tbey  are 
GO  highly  marmorised  that  no  oi^anisms  can  be  extracted,  though 
they  are  visible  in  polished  slicea.  These  middle  limestones  have 
yielded  a  large  fauna  which  has  been  described  and  illustrated  by 
Mr.  Q,  F.  Whidbome  ;*  it  ia  comparable  to  that  of  the  "  calcaire  de 
Oivet,"  and  includes  Stringocephalvji  Burtini,  Pentamervt  brevirottrit, 
Cyrtina  heUrodiia,  Shyndumelia  aeuminata,  Conoeardium  tUUhratum, 
Brcmltue  grawikUw,  Mwchitonia  turbinala,  HtlioliUt  porogut,  Oyathc- 
pkylbivi  cagpitasum,  Favatitei  folyraorpha,  and  niauy  others. 

Upper  Devonian. — There  appears  to  be  a  complete  pass^ 
from  the  Middle  Devonian  into  limestones  of  Upper  Devonian 
(m.  Fraanian]  age,  but  in  this  part  of  the  series  the  beds  resemble 
those  of  the  Rhine  mure  than  those  of  the  Franco- Belgian  area- 
Limestones  containing  Rkyiu^umdla  euioidet,  and  Spirifer  fnfidju 
have  been  found  near  Bamsleigh,  Chudleigh,  Eingsteignton,  and 
elsewhere,  but  they  cannot  be  identified  with  certainty  as  equiva- 
lents of  the  "  calcaire  de  Fraane  "  because  Shyndumella  cuboida  ia  not 
confined  in  England  to  such  a  high  horizon,  but  is  common  in  tbe 
Middle  Devonian. 

Near  Chudle^h  and  Kingsteignton  the  gray  massive  limestones 
with  Rkyn.  cuboideg  and  R.  acuminata  are  overlain  by  red  nodular 
limestones  which  contain  Gephyrocercu  intuTneicetu,  G.  acvtum,  Tomo- 
eeroa  tim^ec,  with  Cardiola  rttroilriata  and  Phacopt  oryptopkthalmat. 
Similar  limestones  associated  with  red  shales  occur  at  Saltern  Cove 
(Torbay)  and  other  places,  and  they  are  succeeded  by  red  and  green 
shales  which  contain  the  small  crustacean  Entomit  Krratmtriata, 


.V  Google 


.V  Google 


DEVONIAN  AND  OLD  BED  SANDSTONE  SYSTEM  181 

with  Fotidonia  venuita.  These  are  the  "  Cypridinen-schiefer "  of 
German  geologists,  and  maj  be  regarded  as  highest  Frasnian  or  as 
a  posea^  into  Famennian. 

Here  and  there  in  the  soutli-east  of  Devon  atJU  higher  beds 
containing  speciea  of  Glymenia  have  been  found,  and  near  Ashburton 
are  slates  containiiig  Spiriftr  VemeuiUi  and  Rhynchon^la  2efunn>, 
■which  are  certainly  Famennian.  West  of  Dartmoor  these  beds 
have  their  equivalents  in  the  well-known  Fetherwin  beda,  which 
are  gray  slates  wilh  thin  lenticular  limestones.  These  have  yielded 
many  fossils,  of  which  the  following  are  some ;  Glymenia  Ittvigata, 
C.  ttriata,  U.  vndulata,  OrfkoceraM  tlriatum,  Toraoceras  lineare, 
Ctenodonta  antiqua,  Sangmnoliles  elttptica,  .StrojAaZona  prodactoules, 
Spiriftr  Vemtuilli,  K  Urei,  and  Phacopi  granvialiu. 

3.  North  Devon  and  Wett  Somertet 
In  this  ai'ea  the  rochs  appear  to  form  an  ascending  snccession 
from  north  to  south,  and  Fig.  57  is  a  diagrammatic  section  to  show 
this  apparent  order  with  slight  indications  of  the  faults  and  contor- 
tions. In  reality,  however,  there  are  many  faults,  and  all  the 
beds  are  flexured,  plicated,  end  cleaved.  The  regularity  of  the 
succession  has  been  repeatedly  questioned.  Jukes  was  the  first  to 
suspect  the  existence  of  a  great  fault  along  the  southern  boundary 
of  the  Mnrte  SlateB,^  but  he  imagined  that  these  slates  were  of 
Carbonirerous  age,  and  that  the  whole  of  the  North  Devon  rocks 
were  duplicated  by  the  fault,  the  Pickwell  Down  beds  being  a 
repetition  of  the  Foreland  beds,  and  the  succeeding  beds  on  each 
side  of  the  fault  being  comparable  with  one  another.  This  view 
was  combated  by  Mr.  Etheridge,*  who  found  it  easy  to  show  that 
the  fossil  evidence  made  it  untenable,  for  the  foxsila  of  the  Lynton 
beds  are  unquestionably  Lower  Devonian,  while  all  the  fossils  found 
in  beds  south  of  the  Pickwell  Down  group  are  with  equal  certainty 
of  Upper  Devonian  or  Carboniferous  age. 

When  Mr.  Etheridge  wrote,  no  fossils  had  been  found  in  the 
Morl«  Slates,  but  in  169fi  and  1897  Messrs.  Hicks  and  Whidbome^ 
found  fossils  at  several  places  along  their  outcrop,  and  the  assemblage 
appeora  to  indicate  the  existence  of  a  Lower  Devonian  fauna.  In 
the  papers  referred  to  Dr.  Hicks  stated  his  belief  that  not  only  is 
there  a  fault  along  the  southern  boundary  of  the  Morte  slates,  but 
one  along  their  northern  border,  that  these  slates  are  in  fact  thrust 
up  between  the  two  lines  of  fault,  and  that  they  are  the  oldest 
rocks  in  North  Devon. 

Again  the  junction  of  the  Foreland  Sandstones  with  the  Lynton 
beds  appears  to  be  everywhere  a  faulted  one,  so  that  there  is  no 
proof  of  the  former  being  older  than  the  latter.     It  will  be  seen, 
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therefore,  that  our  knowledge  of  the  geology  of  North  Devoa  U  not 
jet  very  complete ;  at  present  it  is  only  possible  to  give  the 
apparent  order  of  succession  and  to  indicate  the  points  that  remaiD 
for  detennination. 

Lower  Devoniaji. — The  rooks  which  have  hitherto  been 
regarded  ne  the  oldest  in  North  Devon  are  the  Foreland  Sandstones  ; 
they  occupy  the  coast  from  Minehead  to  Knrlstone  Point  and 
from  Porlock  to  Foreland  Point  east  of  Lynniouth,  and  consist 
of  hard,  fine-grained,  red,  brown,  and  gray  grits  or  sandstones,  with 
some  coarse  and  pebbly  beds.  Near  Lynmouth  they  are  bent  into 
a  bold  anticline,  and,  rolling  over  to  the  south,  ore  faulted  against 
the  Lynton  Slates  in  the  valley  of  the  Lynn  brook  (see  Fig.  67). 
No  fossils  except  plant  remains  have  yet  been  found  in  them,  but 
there  is  much  resemblance  between  this  series  of  beds  and  the 
Hangman  grita. 

The  LjDton  Beds  consist  chiefly  of  hard  slates  with  some  beds 
of  grit  and  occasional  calcareous  bands,  and  are  supposed  to  be 
from  1200  to  1600  feet  thick.  Fossils  are  fairly  abundant,  but 
in  a  bad  state  of  preservation.  The  following  have  been  recorded  : 
Spiriftr  hyiltrietis,  S.  lamcoita,  Orlhit  arcuata,  Chorutet  tordida,  and 
FavotiUt  poI^morpAo.  These  beds  are  succeeded  by  the  Hangman 
Qrits,  which  consist  of  brown,  green,  yellow,  and  red  sandstones 
with  some  coarse  red  and  speckled  grits  in  the  upper  parL  They 
form  the  cliffs  between  Woodabay  and  Combe  Martin  Bay,  and  are 
probably  more  than  1500  feet  thick.  No  fossils  except  a  few 
casts  in  the  highest  beds  have  been  found. 

As  compared  with  South  Devon  the  Lynton  Beds  appear  to 
correspond  with  the  Meadfoot  Beds,  and  the  Hangman  Grits  with 
the  Staddon  Qrits,  but  unless  the  Foreland  beds  are  a  repetition  of 
the  Hangman  Orits  there  is  no  parallel  to  tliem  in  South  Devon. 

Middle  Devonian. — At  Combe  Martin  Bay  a  series  of  slates 
and  gritty  flags  with  layers  of  impure  limestone  comes  in,  and  these 
are  sometimes  called  the  Combe  Martin  Beds,  bnt  are  only  the 
lower  part  of  the  llfracombe  series,  which  occupies  the  coast  for 
a  long  distance  and  forms  a  continuous  band  through  North  Devon 
and  West  Somerset.  The  higher  beds  of  this  series  are  silvery 
gray  slates  with  lenticular  bands  of  limestone,  and  have  yielded 
many  species  of  characteristie  Middle  Devonian  fossils.  The  beds 
are  intensely  plicated,  compressed,  and  cleaved,  the  observed  dips 
being  generally  those  of  isoclinal  folds,  with  both  limbs  of  the 
flexure  dipping  in  the  same  direction.  Consequently  until  the 
country  has  been  more  minutely  examined  no  reliable  estimate  of 
thickness  can  be  fanned. 

The  Uorte  Slates  form  a  continuous  band  to  the  south  of 
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the  Ilfracombe  beds,  and  coiuiat  of  glossy  green  and  gray  eUtes 
with  numerous  quartz  veins.  As  already  stated  the  foEsilG  tvhich 
have  been  found  in  them  point  to  their  being  of  Lower  Devonian 
age  and  not  Middle  Devonian,  as  naaally  auppoeed.  These  foemla 
were  obtained  from  Morte  Bay  and  Mullacott  on  the  coast,  and 
from  Treborough  in  Somerset-  Some  of  the  species  are  described 
as  new  (such  as  Lin^uUt  mortentit),  some  resemble  Silurian  forms, 
such  as  Orthii  nutka,  and  others  are  Lower  Devonian,  e.g,  Phaeops 
(Dalmamtet)  laciniatut,  Strophointna  taniolata,  S.  explanala,  ChmieU* 
pUbeia,  and  C.  xiTcitiulata. 

Upper  I>evonlan. — This  series  has  been  divided  into  thre* 
stages,  the  lowest  being  the  Pickwell  Down  Beds,  a  set  of  red, 
purple,  brown,  and  green  sandstones  with  intercalated  bands  of 
shale.  They  are  traceable  from  Pickwell  Down  near  Morte  Bay 
to  Wiveliscombe  in  Somerset,  hut  the  only  fosails  yet  found  are 
fish  remains  and  fossil  wood. 

The  Baggy  Beds  consist  of  green  shales  and  yellowish  sandstones 
and  flags,  and  extend  inland  from  Baggy  Point,  north  of  Croyde 
Bay,  by  Marwood  and  Sloly,  where  are  quarries  from  which  many 
fossils  have  been  obtained,  including  Avicuta  dammomentii,  CucvlUta, 
Hardiiigi,  Bhyndumella  ItUieoria,  Spirifer  VemtviUi,  Stropludotia 
prodiutoidea,  Choneta  hardTtntit,  and  plant  remains  (S'lt^marta  and 
Ktwrria).  Some  of  these  species  range  into  the  Carboniferous 
series  and  are  ligured  on  p.  206. 

The  Pilton  Beds  consist  of  bluish  gray  slates  with  thin  bands 
of  limestone  and  of  sandstone.  They  stretch  from  Croyde  Bay 
inland  by  Braunton  and  Pilton  and  are  highly  fossiliferous,  con- 
taining among  others  Phaeopt  latifrous,  Productu*  pratongai,  SpiHftr 
VtmeuiUi,  S.  Urei,  Orthu  interliruata,  At-ieulopeeltn  nexitU,  A. 
trofuvernu,  Loxtmema  anglicjim,  and  otlier  gastropoda.  They 
appear  to  pass  npward  into  the  Lower  Carboniferous  shales  (see 
p.  S16),  and  tbe  divisional  line  has  not  yet  been  fixed,  but  Mr. 
Salter  believed  that  the  soft  slates  which  are  troughed  into  the 
flexures  of  the  Pilton  beds  near  Barnstaple  should  be  dossed  OB 
Carboniferoua. 

The  Upper  Devonian  series  of  North  Devon  differs  greatly 
from  that  of  South  Devon,  and  none  of  the  characteristic  Upper 
Devonian  Ooniatitet  and  Clymeniix  have  yet  been  found  in  it 

B.  The  Old  Red  Sandstone  Type 

When    we   cross  the  Bristol  Channel  from  North  Devon  to 

South  Wales  we  reach  an  entirely  different  lithologioal  type,  for 

in  Wales  the  beds  between  the  Silurian  and  Carboniferoua  are 

all  ot  the  Old  Bed  Sandstone  faoiea.     These  rocka  occupy  a  large 
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area  between  the  Silurian  tract  and  the  valley  ot  the  Severn, 
and  in  the  Boutt  of  Brecknock  they  form  a  range  of  lofty  hilla 


overlooking  the  great  coal-field  of  Sonth  Wales;  they  surround 
the  Silurian  inliera  of  Usk  and  Woolhope,  and  extend  northwards 
to  the  neighbourhood  of  Wenlock  in  Shropshire. 
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No  more  of  this  Old  Red  Sandstone  is  seen  till  we  reach  the 
borders  of  Scotland,  where  it  is  found  in  the  Cheviot  Hilh.  It 
attains  an  enormous  thickness  in  the  central  parts  of  Scotland, 
where  it  includes  massire  sheets  of  interbedded  volcanic  rocks, 
and  it  occurs  again  in  the  north-east  of  the  country,  in  Moray, 
Caithness,  and  the  Orkneys.     The  large  tracts  which  this  formation 


c.  Archnnodon  Jukesj. 

alill  occupies  in  Scotland,  and  the  manner  in  which  certain  outlying 
patches  of  it  rest  on  the  older  Palieozoic  rocks,  make  it  probable 
that  it  muat  originally  have  had  a  wide  extension  in  that  country, 
and  iiniat  have  entered  deeply  into  the  hollows  and  valleys  of 
the  Central  Highlands. 

In  Ireland  the  lower  part  of  the  series  (Qlengariff  beds)  is 
again  somewhat  diCTereiit,  but  the  upper  part  is  of  the  Old  Red 
type.     The   Qlengariff  grits  occupy  a  lai^  area  in 
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Kerry  and  West  Cork,  forming  the  greater  part  of  the  ptomontories 
which  separate  Dingle,  Kenmare,  and  Bantry  Baya.  The  Fintona 
beds,  supposed  hi  be  of  same  age,  form  a  tract  about  thirty-five 
miles  long  by  ten  in  breadth  between  Lough  Erne  and  Fonieroy 
in  Tyrone.  These  groups  are  believed  to  represent  the  Lower  Old 
Bed  Sandstone  of  Scotland,  but  the  rocks  usually  called  Old  Red 
Sandetone  in  Ireland  form  an  upper  series  and  attain  their  maxi- 
mum development  in  Kilkenny,  Waterford,  and  Tipperary. 


Fossils  of  the  Old  Red  Sandbtohb 

Fosaile  are  not  abundant  in  the  Old  Red  Sandstones,  and  such 
83  have  been  found  ate  principally  plants,  Enrypterida,  and  fitb. 
The  plants  are  the  ancestors  of  the  Carboniferous  flora,  and  are 
chiefly  lycopods  and  fema.  The  former  include  Lepidoitndron, 
Sagenaria,  Knarria,  Stigmaria,  and  Peilopkyfon  ;  ferns  are  repre- 
sented by  PaUtopUrii,  KeiiTopUria,  and  Sj^unoplaii ;  Calamites 
occur,  and  coniferous  wood  is  also  not  uncommon. 

Fish  are  the  most  conspicuous  and  abundant  members  of  the 
fauna,  and  several  orders  are  represented.  The  Ostracodetma  by 
Cephatatpis,  Pleraspis,  Scaphaspis,  and  Holaapia  ;  the  Dipnoida  by 
Coeeoileut,  PhaneropUunm,  Dipterus,  and  Homnstem  ;  the  Elasmo- 
branchs  by  Acanihodes,  Cheiracantkus,  I>iplacanthvi  ;  the  Crossoptery- 
gians  by  many  genera,  such  as  OiteoUpit,  Olyplolepie,  GyroplychduM, 
Diplopteriu,  and  (in  the  upper  division)  Holopty^in*.  The  remains 
of  fish  are  very  abundant  at  certain  horizons  in  Scotland,  but  they 
are  not  generally  distributed  through  the  mass  of  the  formation. 

The  only  other  organic  remains  found  in  British  strata  are 
laopod  Crustacea,  myriapods,  and  a  freshwater  mollusc  (Archanodon), 
closely  allied  to  the  existing  Anodonta.  In  Canada,  however,  insects 
of  several  kinds  have  l>een  found  in  rocks  of  corresponding  age  and 
character.  The  following  are  some  of  the  more  characteristic  Old 
Red  Sandstone  fossils  : — 


Ji^tstiU  o/thc  Lower  Division 

F!anli.  Psilophybin  robostuia,  Lepidodendroa  ncthiun,  L.gaspeanum. 

ilyriapoda.  Kampecaris.  Archidesnius  Macnicoli. 

ArChropoda,  Pterygotua  angliciis,  Eurypterus  pj-gmieUB,  Stylonurns 
Syniondi ;  Priearctunii  gigas. 

Piieet.  C«plia1a9]iis  Lyelli,  Pteraepis  rostrata,  Scaphaspis  Lloydi, 
Pterichtliya  comutus,  Ft.  Milleri,  Coccoateiia  decipiens, 
Oiteolepis  microlepidotas,  Acsnthodes  Peachi,  A.  Mitckelli, 
Dipterus  Valenciennesi,  Diplacunthus  gracilis,  Glyptolepis 
elfigans,  Parexusin 


.V  Google 


STBATIGRAPHICA.L  GEOLOGT 


Fonilf  of  the  Upper  Divitum 


Falieopteris   bibernica,   Cjclostigma   kiltorkanse,    Knairu 

ArchaniHion  Jakeai. 

HoloptychiuB  nobJlissimuB,  PtcriclitliTB  major,  GJyptolemuB 
Kiiiiiitirdi,PhuieropleuToiiAndersoiu,Qtyptopomus  minor. 


Stratiqraphical  Details 
1.   Tlie  Welsh  Borden 

Is  Monmouth,  Hereford,  and  Brecknock  a.  great  thickness  of  red 
Baadatonea  and  marls  interrenes  between  the  Silurian  and  tha 
Carboniferous,  and  from  these  counties  extensions  of  Old  Bed 
Sandstone  stretch  westward  through  Coermorthen  and  South 
Pembroke,  northward  into  Radnor  and  Shropshire,  and  eastward 
into  Worcester  and  Olouoeeter.  It  is  evident,  therefore,  that  in 
all  these  directions  the  formation  origiuallj  extended  considerably 
beyond  its  present  limits.  Its  maiimnm  thickness  hatf  been  esti- 
mated at  10,000  feet,  but  it  ia  doubtful  whether  it  is  anywhei« 
so  thick.  lu  the  central  parts  of  Hereford  and  Brecknock  it  may 
reach  6000  feet,  but  a  recent  measurement  at  Abergavenny  in 
Monmouth  gives  only  4S00  feet,  and  farther  south,  at  Kewport, 
only  3500  feet,  while  to  the  north,  in  Shropshire,  its  thicknesa  ia 
only  3700  feet. 

The  Old  Red  Sandstone  of  this  region  has  been  divided^  into 
three  portiona,  and  though  these  are  of  very  unequal  thickness  it 
seems  convenient  to  retain  them  until  their  pal^ontological  relations 
are  better  known.  It  has  been  thought  that  a  break  and  uncon- 
formity might  exist  somewhere  in  tlie  series,  but  the  recent  work 
of  the  Gcol<^ical  Survey  in  Monmouth  seems  to  show  that  the 
succession  is  regular  and  conformable  throughout.^  Thus,  until  the 
middle  beds  are  shown  to  be  more  closely  connected  with  the  upper 
than  with  the  lower,  their  retention  as  a  separate  group  empbasisps 
the  completeness  of  the  sequence.      These  divisions  are  as  follow  : — 

Feet, 
Upper  Serits. — Ked  and  yellow  sandstones  and  conglomoratea      200-SOO 
MiddU  or  BrmciiMone  5em».— Brown  and  gray  sHndstoneo      .       600-16OO 
Lowercrr  Canislmu  Stria. — Bed  and  mottled  marls  with  com - 

stones  and  bands  of  micaceous  sandstone,  .     2S00-100O 


The  Ooraatone  Series  ia  so  named  from  the  frequent  o( 
of  lenticular  layers  of  compact  limestone,  generally  red  or  gray, 
which  are  locally  called  "  comstones."     In  Monmouth  the  base  of 
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the  series  is  taken  at  a  layer  of  coane  red  grit,  above  which  are  red 
maris  and  niicaceoua  flagstoneB.  About  2000  feet  from  the  baae  is 
a  band  of  gravellj  conglomerate,  above  which  marls  and  comstones 
occur  again  for  600  feet.  This  series  has  yielded  fish  remains  at 
several  places,  notably  at  Leominster  and  near  Abergavenny,  in- 
cluding CepAoZiupii  LytUi,  C.  Saliixyi,  Plenupis  rostrata,  SeaphaipU 
Lloi/di,  and  S.  Lewid.  A  PUrygotiu  and  StyhmuTut  Symcndti  have 
been  found  at  Rowlestone  together  with  a  la^e  Isopod  Crustacean, 
PTOaTCturai  gigai. 

Brcwnstone  Series. —This  is  a  monotonouB  seriea  of  brown 
and  chocolate-coloured  BandetoneH  with  some  red  shales.  They  form 
the  lower  slopes  of  the  Brecon  Vans  and  the  Black  Mountains,  where 
they  are  of  considerable  tbicknesa,  from  ISOO  to  1500  feet,  hut 
become  much  thinner  to  the  southward,  and  are  not  more  than  500 
feet  thick  near  Newport.  No  fossils  except  fragments  of  PUratpit 
and  Gephalagpis  have  yet  been  found  in  this  series. 

Upper  Berlea. — This  is  a  more  varied  group,  conaiBling  of 
quarlz-grita  and  conglomerates  in  the  lower  part,  and  of  yellow, 
gray,  and  red  sandstones  in  the  upper  part,  with  occasional  bands  of 
red  shales  ;  the  highest  beds  pass  up  into  the  Carboniferous  shale. 
Mr.  Jukes  believed  that  in  spite  of  the  apparent  conformity  there 
might  be  a  break  at  the  base  of  this  division,  and  that  it  should  be 
regarded  as  belonging  rather  to  the  Carboniferous  than  to  the  Old 
Red  Sandstone  proper.  There  can  he  no  doubt  that  at  the  time  of 
its  formation  the  physical  cunditione  were  rapidly  approaching  those 
of  the  Carboniferous  period,  and  also  that  some  of  the  beds  are  either 
of  marine  or  estuarine  origin,  for  n  Conu/aria  has  been  found  in 
them  at  Farlow  in  Shropshire,  and  Serpula  near  Tenby.  Good 
sections  of  these  red  and  yellow  sandstones  are  exposed  on  tlie 
coast  of  Pembrokeshire,  near  Tenby,  and  at  the  mouth  of  Milfoid 
Haven.  A  specimen  of  the  freshwater  mussel,  Archanondoti  Jukai, 
has  been  found  near  Talcarlh  in  Monmouth ;  Pterichthyt  and 
Hdoptydwu*  occur  at  Farlow. 


2.  SeatUmd 

In  Scotland  there  are  three  principal  areas  where  the  Old  Red 
Sandstones  are  found,  and  where  they  attain  a  much  greater  thickness 
than  in  England.  These  areas  are  :  (1)  parts  of  Berwick  and  of 
Northumberland,  including  the  Cheviot  Hills  ;  (2)  the  area  of  the 
central  lowlands,  underlying  the  Carboniferous  rocks  and  coming  to 
the  surface  both  on  the  southern  and  the  northern  side  of  the  great 
basin ;  (3)  a  large  irregular  tract  in  the  north-east,  from  Moray  and 
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InvemeBS  to  Caithnew  and  the  Orknejis.  There  u  also  a  Biiiall 
tract  in  the  west  (Argyleahire). 

Sir  Archibald  Qeikie  considers  that  these  four  areas  were  distinct 
and  separate  basina  of  deposit,  at  any  rate  during  the  earlier  part 
of  the  period  ;  that  they  were  also  disconnected  from  the  sea  and 
formed  large  inlaad  lakes.  He  has  therefore  proposed  separate 
names  for  these  basins,  calling  the  south-eastern  area  Lake  Cheviot, 
the  central  one  Lake  Caledouisi,  the  northern  basin  Lake  Orcadie^ 
and  the  small  western  basin  Lake  of  Lome.  In  all  there  is  the 
same  general  succession,  viz.  a  great  aeries  of  red  conglomerates, 
sandstonea,  and  flagstones,  wliich  iu  most  places  rests  unconformable 
on  all  the  older  rocks,  including  the  Silurian.  This  series  is 
covered  by  another  set  of  red  sandstones,  some  of  which  may 
represent  the  Upper  Old  Red  group,  but  they  pass  up  into  Carbon- 
iferous rocks,  and  rest  with  a  marked  unconformity  upoD  every- 
thing below,  including  the  Lower  Old  Red. 

The  following  ia  a  brief  description  of  the  rocks  found  in  each 
of  the  three  principal  basins. 

1.  Ohevlot  Area. — In  Berwickshire  the  Lower  Old  Red  forms 
ft  band  of  no  great  width  running  from  the  coast  at  Eyemouth 
and  Ooldingham,  along  the  foot  of  the  Lamberton  Hills,  till  at 
Attchencraw  it  is  abruptly  overlain  by  the  Upper  Red  Sandstonea 
mentioned  below.  The  older  series  rests  on  the  upturned  edges  of 
the  Silurian  rocks,  and  consists  of  red  felspathic  sandstones  and 
marls,  with  beds  of  volcanic  conglomerates  and  ash.  Fragments  of 
Pl^ygotua  and  obscure  plants  are  the  only  fossils  yet  obtained. 
The  Cheviot  Hills  consist  mainly  of  thick  sheets  of  andeaitic  lava 
and  tuff,  hut  another  tract  of  Old  Red  eediments  occurs  to  the 
Bouth-west  of  theae  hiUs.  The  volcanic  rocks  are  SOOO  feet  thick, 
and  the  whole  may  be  3000  feet,  but  this  is  only  ft  portion  of  the 
original  serias. 

It  is  doubtful  whether  any  of  the  Upper  Red  series  is  really  of 
Devonian  age ;  the  lowermost  red  beds,  containing  Paiieoplerii 
hibemica  and  fish  scales,  were  formerly  classed  by  the  Geological 
Survey  as  Upper  Old  Red,  but  are  now  grouped  with  the 
Carboniferous.  Theae  form  a  broad  band  extending,  with  some 
interruptions,  from  Berwick,  by  Chimaide  and  Greenlaw,  to 
Jedburgh  and  Teviotdale.  They  rest  partly  on  the  Lower  Old 
Red  and  partly  on  Silurian ;  their  basement  beds  are  breccia  and 
conglomerate,  and  the  higher  are  red  sandstones  and  marls. 

Oaledonian  Area.— In  this  area  there  is  an  immense  thickness 
of  Old  Bed  Sandstone,  a  lower  series,  consisting  partly  of  sedi- 
mentary and  partly  of  volcanic  rocks,  and  an  upper  series  entirely 
sedimentary,  but  of  less  thickness.     On  the  southern  side  of  the  great 
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Lowland  trough  these  beds  crop  out  in  an  irregular  manner,  owing 
to  numerous  faults  and  to  the  overlap  of  the  Carboniferous  rocks ;  but 
on  the  northern  side  tliey  form  a  brood  tract  extending  from  the 
lale  of  Arran  and  the  Firth  of  Cljde,  through  Perth  and  Stirling,  to 
the  coast  of  Fife  and  Forfar,  a  distance  of  about  170  nules.  This 
broad  band  of  Old  Red  Sandstone  is  &ulted  against  the  older 
Palseozoic  rocks  on  its  north-west  border,  but  small  patches  of  red 
sandstone  and  conglniueiate  occur  beyond  the  fault,  and  show  that 
in  some  placea  at  any  rate  it  extended  into  the  Highland  area  ;  it 
is  believed,  however,  that  such  extensions  are  those  of  beds  which 
are  considerablj  above  the  real  base  of  the  series. 

Along  the  southern  tract,  in  Ayrshire,  lanark,  and  the  Pentland 
Hills,  the  sections  are  incomplete,  only  a  portion  of  the  lower 
aeries  being  visible,  and  this  ia  overlain  unconformably  by  the  upper 
group,  which  forms  the  base  of  the  Carboniferous  succession.  The 
beds  described  on  p.  161  as  forming  the  highest  member  of  the 
Silurian  system  were  formerly  clasBed  with  the  Old  Red  Sandstone, 
but  the  l»ise  of  the  latter  is  now  taken  at  a  band  of  conglomerate 
containing  greywacke  pebbles,  which  is  recognisable  in  all  three 
districts.  Near  Leamahagow  (Lanark)  this  conglomerate  rests  with 
apparent  conformity  on  the  red  Silurians,  and  is  succeeded  by 
chocolate-coloured  sandstone  containing  Cephalatpit  Lyelli;  but  in 
Ayrshire  and  in  the  Pentlonds  the  basal  conglomerate  is  markedly 
unconformable  to  this  Silurian  series.^ 

lu  the  Pentland  Hills  the  Lower  Old  Red  comprises  a  great 
thickness  of  variously  coloured  sandstones  and  conglomerates,  with 
interstratified  sheets  of  andesitic  lava  and  tuff,  the  whole  being 
estimated  at  about  8000  feet  (see  Fig.  61). 

On  the  northern  side  of  the  great  basin,  and  especially  in 
Perth,  Forfar,  and  Kincaidine,  much  more  complete  aectiona  of 
the  Old  Red  Sandstone  are  exposed.  The  lower  series  comprises 
an  enormous  thickness  of  sedimentary  and  volcanic  rocks,  estimated 
by  Sir  A.  Geikie  to  be  from  18,000  to  20,000  feet  thick,  and  (^is 
is  succeeded  by  the  Upper  Old  Red,  which  adds  another  2000  feet. 
Mr.  Ooodchild  infomis  me  that  the  general  succession  of  the 
lower  series  in  For&r  may  be  stated  as  follows  in  descending 
order,  but  the  thicknesses  given  are  doubtful : — 

4.  Red  flags  snd  sandstones  of  Strathmore         .... 

3.  Thick  conglomerates,  sandstones,  and  lavas  .... 

2.  Red  and  gray  flagstones  and  shales  (Arbroath  flags) 

1.  Bed  sh^y  sandstanes  nith  hasal  conglomerate. 

The  Arbroath  flags  have  yielded  many  remains  of  plants,  fiaheW, 
and  Crustacea,  the  characteristic  fish  being  Acanilwia  MiidulAi, 
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Diplacanthiu  grtKilii,  Climalim  eeatiger,  C.  reiieuUUtu,  Parexvt 
iruMnmt,  Gephalcupii  Lyelli,  and  Fteratpit  MitcMii.  Of  Merostomata 
there  are  Ptenjgatiit  angiiciw,  P.  minor,  Euryptenu  (two  specie*), 
Emd  St'^lonuTui  (three  apecies).  The  pknt^remaiua  are  chiefly  linear, 
sedge-like  leaves,  with  speciea  of  Psilophylon  and  Lepidwlendnm. 

The  conglomerates  are  very  coarse,  consisting  of  water-worn 
pebhles  and  rounded  blocks  of  quartzite,  quartz-porphyry,  granite, 
and  various  echigta,  all  derived  from  the  Central  Highlands,  with 
some  fragments  of  acdeaite  derived  from  coutemporaneons  Idvaa 
(see  p.  198). 

In  the  Ochil  Hills  there  are  also  coarse  breccias,  consisting  largely 
of  volcanic  blocks,  with  which  many  rounded  pehblea  are  mingled, 
this  mixture  of  water-worn  detritus  and  angular  blocks  probably 
indicating  the  proximity  of  a  volcanic  vent 

The  Upper  Old  Red  of  this  district  consists  in  the  lower  part  of 
red  conglomerates  and  sandstones  with  eeveral  beds  of  cornstone 
and  siliceoua  limestone,  and  the  higher  beds  are  yellow  sandstones 
and  shsles.  These  beds  form  a  continuous  tract  between  the  lower 
series  and  the  Carboniferous  sandstones  from  Kinross  and  Loch 
Leven  to  Cupar  and  the  mouth  of  the  river  E!den.  The  yellow 
beds  are  well  exposed  at  Dura  Den  near  Cupar,  and  some  of  them 
are  crowded  with  the  remains  of  certain  fish,  such  as  PterichtAys 
major,  Holyptychim  Tu&ifuiimus,  and  Bpecies  of  Gly^opmaia, 
OhfptaUcmta,  and  PhaneropUuron  (see  p.  1 76). 

Oroadian  Area. — In  this  northern  basin  the  Old  Bed  Sand- 
stone rests  upon  the  metamorphic  rocks  of  the  Highlands  ;  its 
border  skirts  the  hills  along  the  south  aide  of  the  Moray  Firth,  and 
then  bends  northward  through  the  east  of  Robs  and  Sutlierland.  It 
occupies  the  whole  of  Caithness,  roost  of  the  Orkney  Islands,  and  parts 
of  the  Shetlonds,  and  must  have  once  stretched  far  into  the  Nortli 
Sea.  The  most  complete  sections  ore  found  in  Caithness,  where 
the  lower  aeries  is  divisible  into  the  following  groups  : — 

F«t. 

G.  BedsandBtonesof  Jabno'Oroats 2000 

4.  Flagstones  of  Huns,  etc 1400 

8.  FlsftstoneaofTlmrso 6000 

2.  Flagatanes  of  Wick  and  Lybster 5000 

I.  Dark  »d  saudstones  and  conglomeratea  ....         2S00 

16j^200 

The  lowest  beds  are  coarse  and  unfossiliferoue.  The  Wick  and 
Lybater  beds  consist  of  finer  red  sandstones,  gray  Rags,  and  shales ; 
they  have  yielded  a  few  fish  and  some  plant  remains  {Pniophyton, 
Oaiilopleri*,  and  coniferous  wood).  The  Thuiso  group  consists  of 
gray  flags  and  shales  with  aome  thin  limestones,  and  many  of  the 
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beds  are  bitummoiu.  The«e  flagstones  are  known  aa  the  Ceithnest 
UagB,  and  aeem  to  occupy  the  place  of  the  Arbroath  or  For&rshire 
flags,  fant  it  is  a  carious  fact  that  few  of  the  fish  occur  both  in 
Caithness  and  Forfar,  though  more  than  sistj  species  have  been 
described  from  the  Caithness  flags.  They  are  characteriBed  by 
■pecieH  of  Acanlhode*,  Diplaeamtkite,  and  Oheiracanthut,  with  OiUoUpii 
mieroUpidotut  and  Glyplol^nt  elegtm* ;  the  small  crustacean  Eitheria 
m«inirunacta  also  abounds. 

The  highest  beds  at  John  o'  Oroats  have  yielded  a.  few  other 
fish,  inclading  AearUhodea  Ptachi  and  Pterichihyt  Dieki,  tuid  some 
interesting  plants  which  resemble  species  found  in  the  Devonian  of 
Canada,  such  as  Lqndcdmdnn  gagpeanum,  Oyelottigma  ip.,  PaiaopUrit 
Brmoni,  and  Calamitet  tranritvmit,  which  are  evidently  forerunners 
of  the  Carboniferoua  flora. 

This  northern  basin  includes  also  some  tracts  of  Upper  Old  Red, 
which,  as  nsual,  rests  with  a  marked  unconformity  on  the  lower 
series.  From  600  to  600  feet  of  red  and  yellow  sandstones  can  be 
seen.  They  ocenpy  a  tract  of  some  length  in  Moray  and  Nairn,  and 
outlying  patches  occur  at  Tarbat  Ness,  round  Dornoch,  at  John 
o'  Qroats  and  Dunnet  Head,  and  again  in  the  Island  of  Hoy. 

3.  Ireland 

In  Ireland,  as  in  Scotland,  the  equivalents  of  the  Old  Bed  Sand- 
stone are  divided  into  two  series  with  a  great  gap  between  them, 
so  that  the  lower  series  seems  linked  to  the  Silurian,  and  the  upper 
series  to  the  Carboniferous  rocks,  and  where  both  occur  the  one 
rests  unconformably  upon  the  other. 

The  lower  series  has  been  found  in  four  separate  districts  :  one  in 
Cork  and  Kerry,  where  they  are  called  the  Glengariff  beds ;  another 
to  the  north,  in  Tyrone,  where  they  have  been  called  the  Fintona 
series  ;  a  third  small  tract  in  Antrim,  and  a  fourth  in  the  north  of 
Donegal. 

Qlen^ariff  and  Dlnple  Seriea.— In  the  coast  section  of  the 
Dingle  promontory  the  beds  with  Ludlow  fossils  are  conformably 
overlain  by  gray,  brown,  and  purple  slates  without  fossils,  fallowed 
by  alternations  of  gray  grits  and  elates,  the  grits  at  length  pre- 
dominating and  forming  a  thick  series  of  hard,  massive  green  and 
purple  grits.  The  whole  of  this  gritstone  series  is  perhaps  8000 
feet  thick,  and  is  succeeded  by  elates  of  red  and  purple  tints, 
with  beds  of  conglomerate  at  Parkmore,  which,  curiously  enough, 
enclose  pebbles  containing  SUurian  fossila  No  other  fossils  have 
yet  been  found,  and  except  for  the  occurrence  of  these  derived 
pebbles,  the  whole  of  these  states  and  grits  might  be  taken  for  a 
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conCiiLiifttiou  of  the  Silurian  rocks,  eo  aimiUr  are  tbej  to  tlie 
nnderlring  foesiliferoiw  series." 

A  eimilEiT  set  of  green  grits,  euimounted  b^  purple  elates  with 
bands  of  grit,  occnpiea  large  areas  to  the  south  and  south-west  of 
Din^e  Bay,  in  the  Iveragh  and  Dankerron  promontories,  and  in 
the  districts  of  Killarney,  Kenmare,  and  Olengariff. 

Fintona  Beds. — Id  ^e  north  of  Ireland  the  lower  gronp 
occupies  an  area  about  30  miles  long  by  10  wide,  between 
Lough  Erne  and  Pomeroy,  im  Tyrone.  "  It  consists  for  the  moat 
part  of  dark  red  and  purple  conglomerates,  often  coai«e  and  massive, 
and  of  purple  pebbly  and  fine-grained  sandstones,  .  .  .  with  sandy 
shalea.  The  pebblea  in  the  conglomerate,  which  vary  from  the 
smallest  size  up  to  blocks  over  a  foot  in  diameter,  cousist  of  purple 
felstone,  grits,  schists,  and  quartzite.  Of  all  these  the  felstone 
pebbles  are  by  fu  in  greatest  proportion,"  and  have  been  derived 
from  the  breajciug  up  of  contemporaneous  lava  streams,  some  sheets 
of  which  still  remain  interbedded  with  the  conglomerates. 

The  third  area  is  on  the  east  coast  of  Antrim  between  Cushendsll 
and  Cuahendun.  Here  again  are  conglomerates,  consisting  partly 
of  quartz  pebbles  and  partly  of  large  blocks  of  quartz-porphyry,  and 
the  patch  forms  a  link  between  the  Fintona  beds  and  the  Lower 
Old  Red  of  the  Caledonian  area. 

Another  tract  of  similar  material  has  been  found  in  Donegal 
between  Lough  Swilly  and  Mnlroy  Bay.  This  consists  of  a  basal 
conglomerate  succeeded  by  chocolate-coloured  sandshmes  and  shales 
with  some  pebbly  beds,  and  the  materials  are  all  derived  from  the 
surrounding  quartzites  and  schistic  The  thickness  seen  is  about 
800  feet 

Upper  Old  Bed  Sandstone. — In  the  Dingle  district  the 
slates  above  mentioned  are  abruptly  cut  off  and  covered  by  coarse 
red  conglomerates,  which  are  estimated  to  have  a  thickness  of 
4000  feet ;  they  overstep  the  whole  of  the  Olengariff  and  Ludlow 
series,  and  are  found  again  on  the  northern  side  of  the  promontory, 
resting  against  the  truncated  edges  of  the  Wenlock  beds  (see  Fig. 
68).     There  is  here,  therefore,  a  great  gap  and  unconformity. 

About  Tralee  and  EiUamey,  however,  no  such  conglomerates 
are  found,  but  beds  of  brown  and  yellow  sandstone  with  red  and 
olive^reen  shales  come  in  between  the  Olengariff  slates  and  the 
Carboniferous  shale.  Near  Tralee  liiese  are  800  feet  thick,  but 
near  Killamey  they  are  only  150  feet,  and  when  the  Carboniferous 
beds  are  brought  in  again  along  the  Sneem  and  Kenmare  trongh, 
neither  the  conglomerate  nor  the  yellow  standstone  group  is  to  be 
found.  At  these  places  the  Carboniferous  shale  or  slate  is  in 
contact  with  the  Olengariff  grits,  and  though  there  is  no  clear 
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proof  of  any  vnconfomiitj,  jet  the  beds  are  thromi  into  aucli  sharp 
folds,  thfit  it  would  be  difficult  to  detect  any  slight  disordance, 
and  in  view  of  the  clear  relations  of  the  two  series  in  the  Dingle 
section.  Professor  Hull's  explanation  appears  a  probable  solution  of 
the  difficulty.  He  supposes  that  the  Carboniferous  beds  gradually 
overlap  the  Upper  Old  Red  aloi^  a  shelving  bottom,  so  that 
they  eventually  come  to  rest  on  the  Olengariff  series  without  the 
intervention  of  any  red  conglomerates  or  sandstones.  On  the  south 
coast  of  Cork  the  yellow  sandstones  are  again  found,  and  FaiaopUru 
hibemica,  Sagenaria  tp.,  and  JrcAanodon  Jvktti  have  been  found  in 

As  the  beds  thicken  eastwards  conglomerates  ^ain  come  in 
below  them,  and  the  unconformity  at  their  base  is  once  more  a 
marked  feature.  Near  Waterford,  for  instance,  they  are  conspicuous 
in  the  cliffs  above  the  railway  station,  and  lie  nearly  horizontally 
on  vertical  Ordovidan  slates.  Above  these  conglomerates  in 
Waterford  and  Kilkenny  are  dark  red-brewn  sandstones,  succeeded 
by  gray  and  purple  sandstones  with  red  shales,  and  liaally  yellow 
and  greenish  sandstones  with  olive-green  shales.  These  last  are 
known  as  the  Kiltorcan  beds,  and  contain  a  remarkable  assemblage 
of  fossils,  including  Ardianodim  Juken,  scales  of  Coeecttmu  and 
GlyptoUpii,  Falaopteris  hibemica,  Sphctiopterit  Hookeri,  and  other 
plants,  and  fragments  of  Earypterut,  Pterygotiui,  and  Proriearie. 

This  assemblage  of  fossils  marks  the  Kiltorcan  beds  as  the 
equivalents  of  the  Upper  Old  Bed  Sandstone  of  Wales  and  of 
Scotland,  but  there  is  a  complete  passage  from  it  into  the  overlying 
Carboniferous  shales.  Throughout  the  rest  of  Ireland  the  Carbon- 
iferous rocks  have  at  their  base  a  greater  or  less  thickness  of  red 
sandstsne  and  conglomerate,  which  is  always  oiiconformable  to  the 
older  rocks,  and  it  is  conseqaently  more  convenient  to  mention  these 
basement  beds  in  dealing  with  the  Carboniferons  series. 

CONTKHPORANEODB  TOLCANIC  R0CE8 

Devon  and  OomwalL — No  contemporaneous  lavas  occur 
either  in  Wales  or  in  North  Devon,  but  South  Devon  and  Corn- 
wall were  sites  of  some  volcanic  activity,  especially  during  the 
middle  of  the  period.  Thick  beds  of  tchaltltiti,  a  Oerman  term  for 
schistose  diabase  tuffs,  occur  in  the  middle  Devonian  and  form  a 
eontinnona  hand  from  Torbay  to  Plymontb.  They  were  described 
by  the  late  Mr.  Cbampemowne,*"  and  are  known  as  ihe  Asprington 
volcanic  grtup  from  their  broad  development  around  that  place. 
Dr.  Hatch  speaks  of  the  rocks  which  he  examined  as  tuffs  and 
diabases,  mostly  aphaaitic,  but  sometimes  porphyritic,  and  as  closely 
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resembling  the  Bchalsteins  of  Nasaan  and  the  Hartz.  Some  of  the 
beds  are  probably  altered  disbaae  flows,  and  there  are  also  manjr 
intrusive  bossea  of  less  altered  diabase,  some  of  which  may  be  the 
sites  of  eruptive  vents. 

In  Cornwall,  Mr.  J.  A.  Phillips  '^  has  described  several  tracts  of 
volcanic  rocka,  those  between  Camelford  and  Trevoae  Head  being 
clearly  contemporaneous,  and  consisting  of  sheets  of  compact 
dolerites,  vesicular  lavas,  and  beds  of  ash,  but  in  many  of  the 
dolerites  the  angite  has  been  partially  or  wholly  converted  into 
hornblende.  There  are  also  intrusive  dolerites,  which  ace  probably 
of  Devonian  age,  becanse  they  are  displaced  by  the  post-Carbon- 
iferous granite  boases. 

The  OlieTiota. — In  this  district  thick  sheets  of  andeaitic  lava 
and  tuff  ore  interstratified  with  the  Lower  Old  Red  Sandatone. 
Mr.  Teall  states  ^^  that  these  andesites  fall  into  three  groups, 
characterised  respectively  by  the  minerals  hypersthene,  augite,  and 
mica.  "The  presence  of  tuffs,  vesicular  lavas,  and  amygdaloidal 
varieties  of  lava  and  actual  evidences  of  flow,  proves  that  the 
conditions  of  eruption  were  substantially  identical  with  those  of 
modem  times."  He  also  describee  some  bosses  of  augite-gnmile 
which  may  possibly  be  the  cores  of  the  volcanoes  whence  the 
andesitic  lavas  were  ejected.  These  eruptions  were  followed  at  a 
later  period  by  the  intrusion  uf  quartz-feleite  dykes.  Similar 
rocks  are  found  in  the  Lower  Old  Red  Sandstone  of  Roxburgh  and 
Berwick.  Near  Eyemouth,  on  the  coast,  there  is  a  mass  of  very 
coarse  agglomerate,  which  auggesta  the  immediate  neighbourhood 
of  a  volcanic  orifice,  especially  as  the  stratified  ash  beds  become 
finer  in  texture  both  northward  and  south-westward  and  as  the 
interbedded  felstones  likewise  thin  out  in  the  same  directions. 

The  Scottish  Midlands.  ^In  the  area  called  by  Sir  Archibald 
Oeikie  "Lake  Caledonia"  there  was  an  enormous  outpouring  of 
andesitic  lavas.  The  disposition  of  these  lavas  and  the  existence 
of  some  actual  volcanic  vents  have  led  to  the  inference  that  the 
volcanoes  were  arranged  in  two  parallel  lines  runniDg  along  tlie 
whole  length  of  the  lake  at  a  distance  of  about  twenty  miles  from 
each  other.  If  the  Irish  centre  is  included,  the  sites  of  volcanic 
activity  may  be  indicated  as  below  : — 

Northoni  ChsLn.  SonthErn  Chiin. 

1.  The  Ulster  CHntra.  5.  The  Ayrshire  groap, 

2.  Ths  Arran  and  Cmtyre  centre.  B.   The  Uuneaton  centre. 
S.  The  SidUw  and  Ochil  Hills.  7.  The  Biggar  ceatre. 

4.  The  Montrose  centre.  8,  Tho  Pentland  volcano. 

Descriptions  of  alt  these  areas  will  be  found  in  Sir  Archibald 
Oeikie's  work  on  BritiA  VoUatwet,  and  it  mnst  suffice  if  a  few 
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pardculsn  are  here  given  respecting  the  third  &ad  eighth  of  these 
centres. 

The  Sidlate  and  Ochil  HiLU  form  a  chain  of  about  sixtj 
miles  in  lei^^h,  and  theii  features  are  wholl;  due  to  the  immense 
maaaea  of  volcanic  rock  of  which  they  consist,  most  of  the  ridgea 
being  the  scarped  outcrops  of  inclined  Uva-flovrs,  though  some  of 
the  hills  are  actual  volcanic  centree  or  necks.  The  principal  vents 
of  eruption  seem,  however,  to  have  lain  near  Stirling,  where  the 
Tolcanic  series  reach  a  thickness  of  abont  6&00  feet  without  the 
base  being  seen.  The  lavas  are  mostly  andesites,  some  sla^y  and 
some  amygdaloidal,  and  some  with  fine  tabular  felspars  ;  there  are 
also  beds  of  fine  tuff  and  thick  Bccnmulatious  of  coarse  a^lomerate, 
one  of  the  latter  being  as  much  as  1000  feet  thick. 

Ths  Pentiaitd  Hill*  are  the  product  of  another  great  volcano, 
each  ridge  of  the  chain  being  the  outcrop  of  a  massive  sheet  of 
lava  (see  Fig^  61).  The  lowest  lavas  are  diabasea,  and  these  are 
succeeded  bj  andesiteB  and  felsitic  tuffs,  many  of  which  are  whitish 
or  pale  pink  or  yellow,  while  the  andesites  are  dark  red  or  purple. 
The  maximum  thickness  of  these  rocks  is  about  7000  feet,  and 
they  are  thickest  near  the  northern  end  of  the  chain,  where  a  large 
vent  ia  recognisable,  the  hollow  of  this  being  filled  with  a  "clay- 
stone"  material,  which  seems  to  be  mainly  the  compacted  dust  of 
felsitic  lavaa 

The  Shetlande  contain  similar  relics  of  volcanic  action,  not 
only  of  Lower  but  of  Upper  Old  Red  age. 

Geooraphy  of  the  Psriod 

The  Silurian  period  was  brought  to  a  close  by  powerful  earth- 
ments,  which  produced  great  get^raphical  changes  in  the  north-west 
of  Europe.  The  greater  part  of  the  British  region  was  elevated 
into  dry  land  and  fonned  part  of  a  continent  which  must  have  had 
a  considerable  extension  both  to  the  west  and  to  the  north,  and 
also  to  the  north-east  across  the  North  Sea  into  the  Scandinavian 
region.  The  general  trend  of  the  great  flexures  produced  at  this 
time  is  from  W.S,W.  to  E.N.E.,  and  it  is  supposed  that  the  geo- 
anticlines  are  the  bases  of  parallel  mountain  ranges,  and  that  the 
intervening  troughs  or  synclines  were  occupied  by  great  lakes,  in 
which  the  Old  Bed  Sandstones  were  accnmulated. 

Another  result  of  the  great  lateral  pressure  which  ridged  up  this 
continent  and  its  mountain  ranges  was  the  compression  and  induration 
of  all  the  rocks  of  which  it  consisted.  The  cleavage  which  was  at 
this  time  developed  in  the  Silurian  and  Ordovician  rocks  of  Ireland, 
Scotland,  North  Wales,  and  the  north  of  England,  testifies  to  the 
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streogth  of  the  terrestrial  disturbance,  and  it  is  due  to  the  hardness 
and  power  of  resistance  thus  imparted  to  them  that  they  still  stand 
ont  as  upland  districts  at  the  present  day. 

The  sea  which  covered  bo  targe  a  part  of  the  British  &reft  in 
Silurian  times  was  now  contracted  into  a  much  smaller  space,  and 
only  laj  over  the  southern  part  of  England,  whence  it  stretched 
eastward  through  the  north  of  France  and  Belgium.  Westward  it 
seems  ta  have  extended  into  Ireland  (if  the  Olengariff  grits  are 
marine  heds),  bnt  can  only  have  covered  a  comparatively  small  ar«a 
in  the  extreme  south-western  part  of  the  coantiy. 

All  the  rest  of  Ireland  appe&n  to  have  been  land,  and  was 
doubtless  united  to  England  and  Scotland  across  the  Irish  Sea. 
Most  of  Northern  Engluid  and  North  Wales  was  also  land,  but  its 
southern  coast-line  was  indented  by  a  broad  bay,  in  which  the  red 
aandstenes  and  mails  of  Monmouth,  Hereford,  and  Shropshire  were 
accumulated.  This  bay  probably  narrowed  toward  the  north-east, 
and  may  have  passed  into  an  estuary  which  received  the  waters  of 
a  large  nver  draining  the  land  in  that  direction.  What  I  have 
called  a  bay  is  regarded  by  Sir  A.  Qeikie  as  a  lake,  but  I  can  see  no 
reason  for  the  existence  of  any  land-harrier  to  the  sonth  of  this  bay, 
and  imagine  that  it  opened  widely  into  the  sea,  in  which  the  marine 
Devonians  were  being  deposited,  for  the  distance  from  Cardiff  to 
the  Quantock  Hills  is  only  about  2S  miles. 

To  the  east  of  this  inlet  there  was  land  over  the  eastern  Midlands, 
but  it  may  not  have  been  of  any  great  breadth.  Most  probably  it 
included  a  range  of  hills  with  a  trend  parallel  to  those  on  the  north- 
west, and  as  rocks  with  Devonian  fossils  have  been  found  below 
London,  it  is  clear  that  the  coaat-line  bent  eastward  or  north-eastward 
through  the  eastern  part  of  England. 

The  complete  absence  of  marine  foBsils  in  the  Lower  Old  Red  of 
Scotland,  the  abundance  of  fish  which  could  easily  have  adapted 
themselves  to  a  freshwater  habitat,  and  the  frequency  of  plant 
remains,  are  facte  which  have  led  to  the  prevalent  belief  that  the 
Old  Red  Sandstone  of  the  North  British  region  was  accumulated  in 
large  lake  basins  like  those  which  now  exist  in  Africa  and  North 
America.  Fnrther,  from  the  very  different  assemblages  of  fish  which 
have  been  obtained  from  Forfar  in  the  Caledonian  area,  and  trom 
Caithness  in  the  Orcadian,  Sir  Archibald  Qeikie  has  inferred  that 
these  two  areas  were  separate  lake  basins  without  any  communica- 
tion with  one  another. 

On  the  other  hand  it  is  argued  that  if  the  thickness  of  the 
Lower  Old  Red  be  as  great  as  is  generally  supposed,  it  is  not  likely 
that  it  was  accumulated  in  long  and  narrow  lakes.  Further,  it  is 
admitted  by  Sir  A.  Geikie  himself  that  the  Bed  Sandstones  must 
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originally  have  extended  &i  beyond  their  present  limits,  both 
eoathward  from  the  Oicodian  and  northward  from  the  Caledonian 
area,  bo  that  "  by  the  cloae  of  the  period  of  the  Old  Red  Sandstone 
a  lai^  part  of  the  Highlands  was  buried  under  conglomerates  and 
aandBtones."  ^^  If  this  were  bo,  it  seems  almost  certain  that  the 
Orcadian  and  Caledonian  water-basins  must  have  been  united,  and 
very  probable  that  they  were  parts  of  a  ^i^e  inland  sea,  the  greater 
portion  of  which  lay  to  the  eastward,  outside  the  present  coast- 
line of  Scotland.  The  Cheviot  area  may  have  been  another  inlet 
of  this  great  lake. 

It  is  possible,  however,  that  tlie  movement  of  subaideace  was 
not  uniform,  bat  crept  gradually  northward,  so  that  the  area  of 
the  lake  was  extended  by  degrees  in  that  direction.'*  On  this 
theory  the  lowest  beds  in  the  Caledonian  area  are  older  than 
the  lowest  beds  in  Caithness,  and  the  Forfar  flags  are  older  than 
the  Caithness  flags ;  this  would  account  for  the  difference  of  the 
fish  faunas." 

The  existence  of  a  tract  of  Lower  Old  Red  in  Cantyre,  and  of 
another  on  the  coast  of  Antrim  little  more  than  90  mUes  away, 
makes  it  very  probable  that  Lake  Caledonia  was  prolonged  to  the 
soutb-west,  snd  included  the  Fintona  district  of  Tyrone.  From 
Lough  Erne  in  Ireland  to  Stonehaven  on  the  east  coast  of  Scotland 
is  a  distance  of  about  260  miles,  and  it  is  evident  that  the  lake 
extended  mnch  farther  to  the  north-east,  for  there  is  no  sign  of  a 
contracted  breadth  in  Forfar  ;  it  may  well  have  extended  for  another 
70  or  80  miles,  which  would  give  it  a  total  length  of  about  3G0 
miles.  This  is  about  the  length  of  Lake  Michigan,  which  is  veiy 
long  for  its  width,  this  being  nowhere  much  over  80  miles,  and  in 
most  places  mnch  less. 

I^ke  Orcadie,  if  it  was  a  separate  water-basin,  would  seem  to 
have  been  even  larger  than  Lake  Caledonia,  for  its  deposits  even 
now  extend  from  Loch  Nees  to  the  Shetlands,  a  distance  of  abont 
260  miles,  while  its  width,  &om  near  Brora  in  Sutherland  to 
Aberdour  on  the  north  coast  of  Aberdeen,  is  about  TO  mUes,  and  its 
original  width  most  have  been  greater  than  this.  As  to  its  original 
length  vra  have  no  means  of  forming  a  conception,  for  its  north-eastern 
part  lies  below  the  North  Sea. 

The  small  tract  in  Donegal  and  that  in  the  Firth  of  Lome  in 
Argyle  may  have  been  ports  of  another  lake  basin,  of  which  only 
these  emaU  remnants  are  left, 

During  the  (brmatioa  of  this  great  series  of  rocks  volcanic 
activity  was  rife,  and  immense  sheets  of  lava  were  poured  over 

*  Dr.  Tr»quiir  states  tbst  the  Caledonian  flghes — even  thosB  from  high  up 
in  oldFr  type  than  thou  of  the  Orcadian  serieB. 
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the  contitry  anil  int«rbedde<1  with  the  sedimentary  deposits,  and 
«11  this  time  it  ie  probable  tbat  the  level  of  the  inland  -waters 
was  not  very  far  above  the  level  of  the  sea.  Further  elevation, 
however,  ensued,  and  the  excurrent  rivera  cut  their  channels 
deeper  and  deeper,  till  in  course  of  time  the  waters  of  the  lakes 
were  completelj  drained  off,  just  as  the  great  Teitiaiy  lakes  of 
North  America  were  draiped  by  the  excavation  of  the  Colorado 
CaSon.  The  country  would  then  present  the  aspect  of  a  h^h 
and  dry  upland,  formed  of  lofty  hill  nmges  sepamted  by 
immense  sandy  plains,  the  sites  of  the  desiccated  lakes  ;  through 
these  plaius  the  rivers  may  have  run  in  deep  and  narrow  channel;, 
while  on  the  mountain  slopes  piles  of  debris  were  prepared  by  the 
f^encies  of  disintegration  and  detrition.  It  is,  indeed,  not  unlikely 
that  much  of  the  material  forming  the  conglomerates  of  the  Upper 
Old  Bed  Sandstone  was  originally  prepared  by  subaerial  agencies, 
and  was  only  rearranged  by  the  waters  of  the  later  epoch, 

A  reverse  movement  at  length  set  in  toward  the  end  of  what 
must  be  called  the  Devonian  period  ;  portions  of  the  old  lake  basins 
were  again  filled  with  water,  the  area  of  which  widened  and  deepened 
as  the  land  sank ;  torrents  washed  in  the  detritus  of  the  land,  and 
the  material  thus  collected  became  the  conglomerates  and  sandstonea 
of  the  Upper  Old  Red  and  Lower  Carboniferons  series. 
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CHAPTEB  XI 

The  Carbonifkrous  System 

Tbe  materials  for  a  history  of  this  period  are  more  ample  than 
those  arailable  for  the  precedii^  periods.  Carboniferous  rockB 
occupy  a  larger  part  of  the  British  Islands  than  the  rocks  of  any 
other  aystem,  and  in  the  search  for  coal  they  have  alao  been  more 
extensively  studied  and  explored,  bo  that  it  has  become  possible  to 
trace  the  lateral  changes  which  the  component  members  of  the 
Hystem  undergo,  and  to  correlate  the  strata  of  different  districts 
with  much  greater  accuracy.  In  the  British  Islands  and  in  tbe 
west  of  Europe  generally,  the  Carboniferous  system  falls  naturally 
into  two  divisions  or  series — a  Lower  or  Carboniferous  Limestone 
series  and  an  Upper  or  Cual-measure  series.  In  North  America 
it  is  divisible  in  a  similar  manner,  but  the  lower  part  is  known  at 
tbe  Sub -carboniferous  series,  and  the  upper  part  only  as  the 
Carbon  i  ferous. 

In  England,  France,  and  Belpum  the  Lower  Carhoniferona  series 
consists  almost  entirely  of  marine  deposit)^  and  in  most  districts  it 
is  largely  composed  of  limestone  ;  while  the  Upper  Carboniferons 
consists  of  a  varied  aucceaaion  of  sandstones,  ahales,  days,  and 
coal-seams,  which  seem  to  have  been  deposited  on  the  borders 
of  a  sinking  land  in  estuaries  and  lagoons,  where  the  water  was 
sometimes  saline  and  sometimes  brackish  or  fresh.  As  each  of 
these  great  series  has  in  some  places  a  thickness  of  from  9000  to 
10,000  iset,  and  as  the  fauna  of  the  one  naturally  differa  much 
from  the  fauna  of  the  other,  it  will  be  convenient  to  describe 
them  separately  and  to  take  the  lower  series  first 

A.  The  Lower  CARBONiFERons  Srrieb 
Banse  Rud  Belatton  to  Underlying  Rooks 
In  England,  Lower  Carboniferous  rocks  occupy  large  tracts  of 
the  sarfac«,  and  also  have  a  wide  subterranean  extension.     They 
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occur  in  the  eaatern.  part  of  Devonshire,  and  nnderlie  a.  large  area 
round  Briatol,  though  partially  concealed  by  beds  of  newer  date  ; 
westward  they  extend  under  the  Bristol  Channel  into  South  Wales, 
and  acroBS  Carmarthen  Bay  into  Pembroke  ;  eastward  they  pass 
beneath  newer  rocks,  and  are  believed  to  extend  nnderneath 
Wiltshire,  North  Hampshire,  and  Surrey,  fonning  part  of  the 
broad  tract  of  Palisozoic  rocka  which  is  known  to  exist  beneath 
the  south-east  of  England.  The  Lower  Carboniferous  series  thins 
out  northward,  and  does  not  exist  in  the  counties  of  Hereford, 
Worcester,  Warwick,  nor  in  South  StatTordshire,  but  sets  in  again 
fiirther  north  in  Shropshire,  North  StafTordshire,  Derbyshire, 
and  Leicestershire,  and  forms  the  core  of  the  Pennine  chain,  ftom 
Derbyshire  to  Northumberland,  and  occupies  lai^e  surface  areas  on 
either  side ;  moreover,  this  series  is  supposed  to  underlie  all  the 
tracts  covered  by  newer  rocks  in  this  part  of  the  country,  so  that 
it  is  only  really  absent  from  the  Lake  District  and  the  few  other 
localities  where  older  beds  rise  to  the  surface. 

From  Northumberland  Lower  Carboniferous  beds  spread  into 
Scotland  through  the  counties  of  Berwick  and  Haddington,  and 
thence  into  the  Lowland  district,  which  they  occupy  entirely  from 
.side  to  side. 

In  Ireland  they  form  more  than  half  tlie  rock-surface  of  the 
conntry,  spreading  over  the  whole  central  plain,  from  sea  to  sea, 
and  stretching  southward  to  the  shores  of  Waterford  and  Cork. 

In  regard  to  superposition,  it  may  be  stated  generally  that 
where  rocks  of  Upper  Devonian  or  Upper  Old  Red  Sandstone  ^ 
are  developed,  the  Carboniferous  strata  succeed  in  conformable 
sequence ;  but  where  these  are  absent,  the  Carboniferous  rocks 
rest  unconformably  upon  the  older  fonnations. 


Life  of  the  Period 

The  fauna  of  the  Lower  Carboniferous  series  is  a  rich  one,  both 
in  genera  and  species.  The  following  is  a  brief  account  of  the 
prevailing  genera  and  of  new  generic  appearances — those  with  an 
asterisk  not  occurring  in  older  rocks. 

Foraminlfera.^  These  become  very  abundant  in  the  rocks 
of  this  period,  and  contribute  lai^ly  to  the  formation  of  some 
of  the  limestones,  the  principal  genera  being  Saecamina,  Fuimlina, 
Trochammina,  Valvulina,  and  Lagena. 

Ajithozoa. — Of  corals  the  moat  common  genera  are  Avh>- 
pKyllum,*  LithostTOtion,*  Lomdalea,*  Phillipuatrea,  Syringopora, 
ChtvttUt,  Clincphyllam,  Miclulinia,  Zapkrentii,  A'mpUxta,  and  CyiUhit^ 
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phyliuTn,  None  of  tbese  genera  eurrived  to  later  timea  in  Western 
Europe,  but  a.  few  occur  in  the  Permian  of  Auo. 

Orufitaoeti.  — The  only  aurviving  genera  of  trilobites  are 
PhiUipna,  GriffiiKidet,  Frottiu,  Cyphaapii,  and  Bradiymtlopm,  None 
ai«  common,  all  are  small,  and  all  died  out  before  the  close  of  the 
period.  Small  Ostracoda  are  often  abundant,  belonging  to  the 
genera  Sairdia,  Oypridina,  Oypndmella,  and  others.  Dithyrocaru 
and  other  Fhyllocarida  also  occur. 

Eohlnodermo. — Crinoidea  are  abundant,  and  their  remains 
often  form  a  large  part  of  the  limeBtones.  The  chief  genera  are 
Aetinocrin'UM,*  Ptatycrinui,  Shodocnnui,  Gyathocrimis,  Potenocrinus, 
jlnijiAoracrtnu«,*and  IVoodacrinw.*  None  of  them,  with  the  posaible 
exception  of  GyathocrvMU,  survived  this  period.  Blaatoiden  now 
take  the  place  of  the  Cjstideans  of  the  older  Palteozoic  rocks,  the 
commoner  genera  being  GraiiaUxTinat,  Codaettr,  and  Orophoerinitt. 
Of  Echinoidea  there  are  ArduxoBidaris,  Paladi/iatu,  and  Mdontiet. 

Braoliiopoda~  —  Most  of  the  Devonian  genera  survive,  aucli 
SB  Orbieuloidea,  Prodvetut,  Spirifer,  ShyTtdumella,  Atkyrie,  CkimeUt, 
Orihit,  and  Terebratula,  but  there  are  no  common  distinctive  Car- 
boniferous genera. 

IiamellibraiioMa, — The  following  are  some  of  the  com- 
moner genera,  those  with  an  asterisk  making  their  first  appearance : 
Avicalopeeten,  Crenipeeten,  Posidoniella*  PaTolldodrm,  ComKardiwrn, 
MyatitM,  SAiaodiu*  Ltploiomut  {Protoiehvxidiui),  Edmondia,  Cardio- 
morpha,  Pleuropkonu,  Oypritardetla,*  and  SanguinoliUt.* 

Q-astropoda. — Moat  of  the  Devonian  genera  continue,  and 
the  commoner  are  :  PUv/roiomarui,  MurtAuonia,  Bcllerophon,  Eturm- 
phaiiu,  Slraparollue,  Natieoptis,  Oapului,  Loxonema,  Maerockilina, 
and  Ttirbonitella,  but  very  few  of  these  survive  the  dose  of  the 
Carboniferous  period. 

Oephalopoda. — The  following  are  some  of  the  genera  which 
occur  : — Of  Nautiloidea  there  are  OrtAoceriwr,  Actinoceras,  Cyrtoeeitu, 
DiteiUt,  Polerwetrat,  TemnoAUus*  Cielonautilua*  VeititMvtilut,* 
Slrobocerai,*  and  of  Ammonidea  the  following  genera  belonging  to  tho 
GoniatitidsH,  Braneocerai,  Pericycl'Ut,*  Glyphiocerta,  Nomismoceras,* 
DirMTjAoeenu*  Prolteanita*  ProaoriUv.* 

PisoeflL — Remains  of  fish  are  very  numerous,  and  a  long  list 
of  namea  founded  on  the  teeth  and  spines  of  fish  might  be  given, 
\p\t  the  following  are  known  from  more  complete  remains  : — 
EurynUui,  Bhizodw,  Holyptehtia,  MegalichtKya,  C<BlacaiUhiis,  Platy- 
tomiu.  Many  of  the  Carboniferoos  fish  were  EUamobranchs,  and 
most  of  the  remainder  are  Teleostomi  of  the  Crossopterygian  order. 

A  remarkable  feature  in  the  distribution  of  the  marine  fouUB 
is  the  penistence  of  the  same  species  and  groups  of  species  tbrougb- 
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out  such  a  great  thickness  of  strata.  A  few  speoiea  are  indeed 
confined  t«  the  loweTmost  beds,  and  a  few  to  the  highest  marine 
heds — to  beds,  in  fact,  which  were  formed  when  the  physical 
conditions  were  undergoing  a  chaise,  and  when  the  forma  would 
necessarily  be  more  liable  to  variation  ;  a  few  other  specie* — those, 
namely,  which  were  the  chief  contributors  to  the  formation  of 
the  limestones — are  naturally  moat  abundant  in  those  limestone 
masses  ;  but  by  far  the  larger  number  of  species  have  a  very  great 


t  Modiola  MaouliunE. 


vertical  range,  many  of  them  extending  from  top  to  bottom  of  the 
marine  series,  and  some  even  appearing  in  the  Upper  Carboniferous 

We  are  thus  presented  with  the  unique  phenonomen  of  the  same 
species  of  fossils  occurring  throughout  a  thickness  of  from  t«n 
to  fourteen  thousand  feet  of  strata — a  fact  which  teatifiee  to  the 
great  uniformity  of  the  physical  conditions  which  prevailed  during 
the  whole  period.  When  we  compare  this  state  of  things  with 
the  distribution  of  species  in  earlier  or  in  later  periods,  we  cannot 
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fail  tc  be  struck  with  the  Bingularity  of  the  Carboniferoua  period 
in  this  respect.  It  would  appear  as  if  there  waa  then  a  great  pause 
in  the  evolatioDal  history  of  the  organic  world — a  time  when  the 
changes  in  the  surrannding  phjaical  conditions  were  so  slight  and 
gradual  that  the  caases  of  variation  and  differentiation  were  at  a 
minimum,  and  the  forms  of  life  hecame  as  it  were  stereotyped  for 


So  far  as  researches  have  hitherto  been  carried,  very  few 
species  appear  to  be  restricted  to  special  horizons  in  the  Lower 
Carboniferous  seriea.  Some  are  of  course  much  more  common  in 
the  limestones  than  in  shales  and  sandstones,  and  viec  verm.  All 
the  corals,  for  instance,  are  more  abundant  in  the  limestones ;  some 
Lamellihranchs,  on  the  other  hand,  are  rare  in  limestone.  Ur.  W. 
Hind  remarks  that  he  has  never  found  ICueula,  Nuculana,  or 
Ctenodonta   in  the   white   and   gray   limestones,  yet   they  range 
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throughout  the  whole  Beriea  where  mechanical  depositB  prevsil,  and 
evidently  prererred  muddy  bottoms.  Thus  Nucala  gibbota  and 
N.  atUnuata  occur  in  the  CakiferouB  ftaudBtoneg  of  Scotland,  ia  the 
Bernician  of  Northumberland,  and  ia  the  Lower  Coal-measures  of 
Yorishire  and  Derbyshire. 

The  following  species  appear  to  be  specially  characteristic  of  the 
lowest  fosailiferous  beds,  ue.  the  lower  shales  of  Bristol  and  South 


Wales,  the  Tuedian  of  the  north,  the  Calciferous  sandstone  of 
Scotland  and  Northern  Ireland,  and  the  Coomhola  grits  of 
Cork  and  Kerry  :  "— 


.V  Google 


THE  CAKBONIFERODS  SYSTEM 


\i  ( !  CutUmUiu  dtgana). 


Mieheliniafaeoia,^  LithoiiTolionjvncevm,'\  L.  (^nu,t  ChaUta  (umuitu, 
FetteaUlla  fiaielitUa,  Ceriopora  gracilis,  Platyerinus  /tenia,  Foltruxrintu 
aiusua,  ShyiKhonellapleurodon.i Spirifercut^aliia,^  S.  ttriatvi,'^  Cardio- 
Taarpha  obtonga,  Sdmimdia  talcata,  Cimocardvam  hibimieum,  AviaUnjiecien 
^ranMuf,  Nauiittu  bianffulalui,  and  N.  donalis. 


d.  Coooeinllam  mliron 
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In'the  higher  limestones  of  the  eame  diatricts  the  foUowiDg  are 

Lmualratimt  ttriiUiim,  L.  iTregviare,  L.  Parlloeti,  CyaihojAyllum, 
regivm,  Larudaleajiorifrrmis,  Prodticius  giganUu»,i  P.  com.  t  P.  longitpmtu, 
'J'cTebratula  hasiala,'^  Ewimphaliu  aodotua,  BetUrophon  aptrtua. 


c.  Caraioinorplia  oblongik  /.  Uelli 


Faramiinfera.  Saccamina  Carteri,  Trochammina  inoerta, 

Actinozoa.  Amplexna  coralloides.t  Lithostration  bualtiforme,  SfringO' 
pora  reticulata,  ZapbreutiB  cjliudiica. 

Echiiwdcrrna.  GranatocrinUH  derl)ieiisi3,t  CodaaCer  triloba tus,  Actinocrinus 
amphora,t  A.  triacontodactylus.  Woodocriciis  macrodac- 
tylus,  CyaChocrinuB  IxtIe,  PalaechinuB  spluericus,  P.gigas. 

Sraehiopoda.  Atayris  ambigua,  A.  Roy Ksi,  Spirifer  g1ab«r,t  Bhjnchoiiella 
Bciiniiuata,t  Froductua  acabriculna,  P.  semireticnlatus.t 
Terebratula  saccnliu,  Orthis  resupiaata,  0.  UicheliuL 
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Z^anultHranekia.  CoDOcardiam   alifomia,   C.   bibemicQm,   Cardiomorpba 

orbicularis,  Avicalopecten  sublobatus. 
Oaalropoda,    EDomphalua    penUgoDa1iB,t    NatioopiiB    plicUtria,    Flen- 

rotonuu-ia  cariusta  (flamnigers),    Bcllerophon   Urei,    B. 

tsngentialis,  Conularia  qiudriaulcata,  MacrochiluB  OTalis. 
Cephalopoda.  C(£lonsntilna  cariuifenu.f  G&atriocena  Liatariif  QWphio- 

canu  Hpliericus,  Cjrtoceraa  Gaaueri,  OrthocersH  undu^tum. 
Onutaeea.       Phillipaia  pnituloia,  P.  derbiaDsiB.t  Griffithidea  globicepe, 

Brechymetopiu  ouralioDft,  DiCbyrocaris  CoUi 
Piaees.  Olidodiu  Btriatm,  Cocliliodas  contortus,  CUnacantbtu  mtioT, 

BnrynotuscreiiBCiu,  Orodua  ramoaas,  Petalodua  acumioatiu, 

PsuDmodiu  poroens. 


Stratiorapht 
1.  South^atitem  Arta 

Under  this  bend  will  be  included  s  brief  description  of  the 
Lower  Carboniferous  rocks  in  tbe  counties  of  Devon,  Somerset, 
Qloncester,  Monmouth,  QUmoi^an,  and  Pembroke.  In  tbese 
districts  the  rocks  ore  folded  into  a  set  of  trougbB  and  basins 
aepusted  by  cmticliniil  ridges  of  Devonian  and  Old  Red  Sandstone, 
but  in  Oloncester  and  Somerset  the  Palteozoic  rocks  are  partiallj 
concealed  bjr  a  greater  or  lees  thickness  of  Neozoic  strata  (Tiias 
and  Jnrassic),  and  are  only  exposed  here  and  there  in  tracts  from 
vhich  these  yooDger  strata  have  been  removed. 

In  Devon,  Caiboniferons  rocks  occupy  a  broad  trougli  between 
the  t*ro  tracts  of  Devonian  described  in  the  last  chapter.  The 
greater  part  of  this  trough  is  occupied  by  beds  of  Upper 
Carboniferous  i^e,  but  a  lower  series  can  be  separated  both  on  the 
northern  and  southern  border  (see  map.  Fig.  56]-  The  next 
appeamnce  of  this  series  is  in  the  Mendip  Hills,  where  it  has  a 
normal  calcareons  (acies.  These  hills  form  the  sontbara  border  of 
the  Somerset  and  Bristol  coal-field,which  is  an  irregular  basin-shaped 
am  nearly  surrounded  by  outcrops  of  the  Carboniferons  limestone. 

Crossing  the  Severn  we  find  a  tract  of  Lower  Carboniferons 
rocks  in  the  neighbourhood  of  Chepstow,  which  stretches  northward 
and  is  united  to  the  periclinal  area  that  encloses  the  coal-field  of 
the  Forest  of  Dean,  a  perfect  example  of  a  basin-shaped  area. 

Passing  westward,  and  crossing  the  tract  of  Silurian  and  Old 
Bed  Sandstone  which  lies  on  either  side  of  the  river  Usk,  we  come 
to  the  great  coal-field  of  South  Wales.  Here  the  Carboniferous  rocks 
occupy  a  long  basin  or  trough-shaped  area,  which  extends  from 
Pon^pool  in  Monmonthshire  to  Carmarthen  Bay,  with  a  narrow 
prolongation  actoas  this  bay,  through  Pembrokeshire  to  St.  Bride's 
Bay.    The  area  east  of  Carmarthen  Bay  is  traversed  hy  a  remarkable 
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anticlinal  aiia,  which  divides  the  baain  into  a  northern  and  sonthem 
trough. 

The  strata  compoBing  the  Carbonifeious  uriee  ere  thickest  in 
tlie  south-eaatem  part  of  this  area,  and  diminish  partly  by  thinning 
oat,  and  partly  by  overlap  toivards  the  vest  and  north.  It  niU  be  con- 
Teoient  to  deacribe  the  euccession  found  in  the  Mendip  and  Bristol 
diatrict  first  as  exhibiting  the  typical  facies  with  which  the  more 
we«tem  traota  may  be  compared,  and  finally  to  give  some  acconnt 
of  the  Oulm-meaaurca  in  Devon  and  Cornwall. 

In  the  Mendip  Hills  the  total  thickness  of  the  limestone  aeries 
ia  believed  to  be  nearly  4000  feet,  and  near  Briatol  it  ie  nearly  2400. 
No  definite  base  line  baa  yet  been  fixed,  for  the  Upper  Old  Bed 
Sandatone  passea  up  by  the  intercalation  of  red,  green,  and  gray 
shalee  into  dark  gray  shales,  which  contain  Caiboniferons  fossils. 
The  whole  aeriea  is  divisible  into  a  lower  limestone  with  abalea  at 
the  baae,  and  an  npper  limestone  with  oolitic  limeatonea  at  the 
baae.  These  diviaiona  seem  to  vary  in  thickneaa,  aa  ahown  in  the 
following  table,  which  ie  compiled  from  papers  by  Mr.  Wetfaered 
and  Professor  C.  L.  Moi^^. 


Sandy  limestonea  and  shales  . 


endlp  Hllla.  CUIton.  Wtcknr. 
) 200  400  300 

1 1800        1000  5S0 


8S0O        2370        1670 


The  baaal  abalea  are  well  exposed  in  the  gorge  of  the  Avon  at 
Clifton,  and  they  include  near  the  base  a  remarkable  bed,  which  ie 
crowded  with  the  remains  of  fiah  in  the  ahape  of  teeth  and  bones, 
whence  it  is  known  aa  the  "  bone  bed."  The  ahalea  also  yield 
Shyndionella  plejirodon,  Athyris  Soyini,  Poteriocrinui  cnunu,  and  other 
foaails.  The  thin  limestone  bands  are  lai^ely  made  up  of  the 
carapaces  of  Ostracoda  and  of  Corals  and  Bryozoa,  among  which 
MotUiculipora  funiufa  ia  common. 

The  Lower  limastones  above  are  generally  of  a  dark  gray  colour, 
and  near  Briatol  they  are  almost  black,  and  are  known  as  the  black- 
rock  limestone.  Their  principal  constituents  are  crinoid  stems,  with 
Ostracoda,  Bryozoa,  and  amall  organiams  with  a  fibroua  structure, 
which  are  named  Mitcheldeama,  and  are  believed  to  be  Hydrocoral- 
lioes.  From  the  abundance  of  the  remaina  of  crinoida  these  are 
known  as  the  Eacrinital  beda. 

Passing  over  the  oolitic  limestones,  which  are  chiefly  remarkable 
in  being  oolitic,  we  come  to  the  maaa  of  the  Upper  limestone,  at  the 
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htse  of  whicli  are  some  datk  shales,  BOmetimeB  called  the  middle 
TJpper  BhalcK  The  limeBtones  ore  bluish  graj,  and  consist  prisci- 
ptjlj  of  Foraminifen  and  Calcispheres,  with  a  amallei  proportion  of 
broken  shells,  crinoids,  and  oorala.  Of  larger  organisms  LilhBttrolion 
and  Syringopora  are  common  with  species  of  pToductus  and  Spinfer. 
The  highest  beds  are  shalj  and  sandj  limestones  passing  up  into 
calcareous  grits  with  80  per  cent  of  siliceotu  matter.  At  Wickwar, 
near  the  northern  end  of  the  Bristol  coal-field,  the  Limestone  series 
ia  reduced  to  a  thickness  of  1670  feet,  and  still  farther  north  in  the 
Foreet  of  Dean  it  ia  reduced  to  about  600  feet,  and  even  less  on  the 
northern  border. 

At  the  eastern  end  of  the  South  Welsh  coal-field  near  Newport 
the  limeatones  are  still  thinner,  being  only  firom  300  to  360  feet, 
according  to  recent  measnrements  bj  the  Qeoli^cal  Survey ;  but 
as  they  are  followed  westward  along  the  southern  border  of  the 
coal-field  thej  thicken  again  till  they  reach  1000  feet,  and  are 


0.  Lower  tl«lca  >nd  Old  Red  Bud>(an«. 


divisible  into  a  lower  limestone  (200  to  300  feet)  and  an  upper 
limestone  (of  700  to  800  feet). 

In  Pembrokeshire  the  thickness  is  again  reduced,  bnt  good 
sections  of  the  whole  series  are  exposed  near  Tenby  and  on  the 
south  side  of  Milford  Haven.  Near  Tenby  the  limestone  has  an 
apparent  thickness  of  over  1000  feet,  but  this  is  probably  due  to 
repetition  of  the  beds  by  flexures,  as  shown  in  Fig.  70,  and  the  real 
thickness  is  probably  not  more  than  600  feet  Below  it  are  about 
400  feet  of  shales  and  thin  limestones.  In  West  Angle  Bay 
(Milford  Haven)  the  shales  are  thicker  (560  feet),  and  are  under- 
lain by  a  set  of  gray  shales  and  sandstones  which  contain  Upper 
Devonian  fossils  of  the  Marwood  and  Pilton  beds,  such  as  AviaUa 
damnontnuM,  Oueullaa  Iraptzima,  Curtonotus  degaat^ 

Devonsblre. — The  delimitation  of  the  Upper  Devonian  and 
Lower  Carboniferous  rocks  in  Devonshire  has  not  yet  been  worked 
out.  The  junction-beds  have  not  been  specially  described  since 
Mr.  Salter  compared  them  with  those  of  Pembrokeshire  in  1863, 


.V  Google 


216  3TRATIGRAPHIC4I,  GEOLOGY 

but  his  opiaion  was  that  the  Pilton  beds  included  the  equivalent 
of  the  Lower  limestone  ehale.  He  says,  "  Nearer  Bamataple  these 
Pilton  beds  begin  to  trongh  in  email  patches  of  a  barren,  softer  slate, 
which  is  only  seen  well  developed  Bonth  of  Pilton,  and  occupjing 
the  lower  ground  east  and  west  of  Barnstaple."  In  theae  soft  slatea 
the  prevalent  fossils  are  PhUlipna  leminifera,  Spirifer  bituteatiu,  S. 
laminonu,  S.  cutpidatui,  Productui  Martini,  Orlhii  Miehelini,  and  other 
exclusively  Carboniferona  species.  Mr.  Whidbome  infomu  me  that 
similar  shales  occur  at  Fremington. 

They  are  succeeded  by  the  series  of  beds  which  occupy  the  broad 
Carboniferous  basin  of  Devonshire  and  are  known  as  the  Cnlm- 
measures  (see  map,  p.  181).  This  tract  varies  in  breadth  from  20  to 
3D  miles,  and  is  exposed  for  a  length  of  about  SO  miles,  passing  eost^ 
ward  with  undiminished  width  beneath  the  Neozoic  rocks,  so  that 
this  great  basin  or  trough  probably  continues  to  extend  eastward 
for  many  miles  though  concealed  by  younger  rocka  The  rocks 
found  in  the  exposed  portion  are  divided  by  Ur.  Ussher  as  follows,^ 
but  the  two  upper  divisions  appear  to  be  of  Upper  Carboniferous 
age:— 

Uoper. — Hard  bedded  gray  grits  with  shaly  layers. 

Middli. — Hard  thirik-t«dded  sandstones,  nneraUy  light  gny  or  green, 

with  Sne  grits,  mndstones,  and  shales. 
Loatr. — Dark  gray  shslea  and  mudstones  with  bauds  of  rsdiolarian  chert 

and  Unticulor  beds  of  gray  limestone. 

The  beds  are  everywhere  intensely  folded  and  flexured,  so  that 
no  accurate  estimate  of  thickness  can  be  made,  but  some  exposures 
of  the  chert  beds  alone  show  from  100  to  160  feet  of  them,  and  the 
whole  of  the  Lower  Culm  beds  may  be  from  1000  to  1600  feeL 
Their  outcrop  on  the  north  is  continnous,  but  of  varying  width, 
and  on  the  south  they  form  a  continuous  band  round  the  northern 
half  of  the  Dartmoor  granite,  whence  they  stretch  westward  by 
Laonceston  to  the  coast  at  Boacastle. 

The  rocks  which  form  the  Lower  Oulm  are  in  most  places  so 
folded  and  faulted  that  it  is  difficult  to  determine  the  succession  of 
their  component  beda  Thus  Mr.  Ussher,  who  has  surveyed  the 
greater  part  of  the  area,  still  feels  uncertain  whether  the  Chert 
beds  occupy  a  definite  horizon.  Messrs.  Hinde  and  Fox,  however, 
who  have  specially  studied  these  beds,  think  that  the  following  is 
the  usual  order  of  succession  in  descending  order :  * — 

Dark  shales  without  fossils. 
Rsdioliirian  cherts  and  shales  (Coddon  Hill  beds). 
Brown  and  rad  shales  of  Wsddon  Barton. 
Block  shales  and  limestones  njth  Poaidonomya. 
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Along  the  northern  border  there  seems  to  be  a  gradual  passage 
from  the  Barnstaple  beds  into  a  &et  of  black  carbonaceous  shales 
and  thin  limestones  containing  eeveral  species  of  Potidonomya  (P. 
Beeheri,  P.  lateralii,  etc),  with  the  Goniatites,  QlypKiocerai  ipktwriciim, 
G.  crtnutria,  and  G.  ttriatum. 

The  Waddon  Barton  beds  are  nt  present  only  known  in  the 
counti7  east  of  Dartmoor  and  near  Bainpton  in  North  Devon  ;  they 
are  characterised  by  the  abundance  of  Glyphioceras  /ipiraie ;  they 
also  contain  Orthoeertu  ttriolatum,  Avicala  lepida,  Spiri/er  Urei, 
Potidonomya  Beeheri,  and  four  species  of  Phillipeia,  three  of  which 
occur  aleo  in  the  Chert  beds." 

The  Coddon  Hill  beds  consist  of  gray  and  black  cherts  in  thin 
but  regular  beds,  often  interleaved  with  hard  black  shales. 
Badiolaria  are  abundant,  and  buve  been  referred  to  uo  leas  than 
twenty-three  genera  by  Messrs.  Hinde  and  Fox  {op.  cit.).  These  beds 
contain  also  Proleeanitu  mixolobui,  Nomumocerot  iptrorfrw,  several 
species  of  Pkitlipna  and  Gri^Uhidet,  many  stems  of  Gyathoerinvty 
Produetut  emuxntrieM,  OrthotiUt  crertistria,   and  other  brachiopoda 

Near  Westleigh  and  Canonaleigh  there  are  ridges  formed  of 
blaish  limestone  with  intercalated  cherty  beds,  which  seem  to  be 
near  the  horizon  of  the  Coddon  Hill  beds,  for  they  contain  the  same 
two  Gonialitet  and  the  well-known  Carboniferous  coral  Michelima 
favoio. 

2.   Derby,  Stafford,  and  North  Walts 

It  will  he  seen  from  the  map,  Fig.  71,  that  the  Lower  Carbon- 
iferons  rocks  occupy  a  lai^  part  of  Derbyshire  and  a  small  area  in 
the  north  of  Staffordshire,  and  that  with  the  overlying  Millstone 
grit  they  form  the  southern  part  of  the  great  Pennine  range  of 
hills  which  is  often  called  "the  backbone  of  England." 

The  general  structure  of  tliis  central  district  is  shown  in  Fig. 
73,  the  strata  being  bent  up  into  a  broad  irregular  dome  or  periclinal 
ellipee,  so  that  the  lowest  beds  are  found  in  the  centre  of  the  area, 
from  which  they  dip  decidedly  to  the  east  and  weat,  and  more 
gently  to  the  north.  The  length  of  this  area  from  Ashbourne  to 
the  head  of  Derwentdale  is  about  30  miles,  and  its  width  from 
east  to  west  between  Buxton  and  Bokewell  about  16  miles. 

The  Carboniferous  limestones  and  shales  pass  both  eastward  and 
westward  beneath  the  Itasins  in  which  the  Coal-measures  lie,  and 
on  the  western  side  they  rise  again  to  the  surface  in  the  counties 
of  Denbigh  and  Flint     Whether  there  is  a  similar  uprise  of  the 

■  These  fosails  were  found  by  the  late  Mr.  J.  E.  Lee  and  describeif  by  Dr 
H.  Woodward,  who  notices  the  limitarity  of  the  fauna  to  that  of  the  Cialtn  at 
Herhoni  in  Umnaoy.    See  Oeol.  Mag.  Dec,  3,  vol.  i.  p.  fi38. 
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Lower  Carboaiferons  seriea  on  the  eaatern  aide  we  do  not  know 
because  the  eastern  part  of  the  Nottingham  coal-field  ie  concealed 
beneath  newer  rocka  ;  there  is,  however,  a  high  probabilitj  that  it 
iH  a  complete  haain. 

Derbyahire.— The  general  Bueceaaion  of  this  seriea  in  Derby- 
shire ia  03  followe  : — 

FMt. 

4.  Shales  and  thin  beds  of  bkck  limeatone         .         .   •     .  400 

3.  Gray  and  white  llmeataneB,  some  parts  co&tainiug  layera  of 

chert 640 

Z  Maatire  white  limestonea  with  interbedded  lava-Howe  (toad- 

stonea] SOO 

1.   Dark  limestonea  with  toadstonss  and  aab  beds  .     seen  for  SOO 

2540 

The  actaal  base  is  nowhere  exposed,  aud  consequently  the  total 
thickness  of  the  series  is  unknown,  but  it  is  donbtM  whether  it 
exceeds  3000  feet  even  in  the  centre  of  the  area.  The  whole  of 
the  series  tbina  out  to  the  aouth-weat  before  reaching  the  South 
Staffordshire  coal-field,  but  continues  toward  the  south-east  beneath 
the  small  Leicestershire  coal-field,  and  wraps  round  the  Fre-Cambrian 
rocks  of  Chamwood  Forest. 

The  limestones  which  compose  the  "Mountain  limestone"  of 
Derbyshire  vary  much  in  lithological  character,*  some  consisting 
mainly  of  broken  fragments  of  ctinoids  and  sliells,  others  of  corals 
and  coral  debris,  and  others  being  compact  and  fowminiferal,  while 
in  many  parts  the  organisms  have  been  obscured  or  destroyed  by 
the  chemical  changes  of  marmorisatiou  or  dolomitisation. 

Mr.  Bemrose  remarks  that  corals  ore  frequent  in  some  of  the 
lower  masaivB  beds,  and  that  remains  of  crinoids  are  often  numerous. 
Produetus  giganUui  and  Chonetes  papiliotuKea  occur  throughout,  and 
one  bed  near  the  top  consists  almost  entirely  of  the  Prodvctue. 
The  recent  efforts  of  Messrs.  W.  Elud  and  J.  A.  Howe  to  ascertain 
whether  there  is  any  zonal  distribution  of  the  fossils  have  bkiled 
because  of  the  scarcity  of  fossils,  except  in  the  upper  200  feet, 
all  the  rich  fossil  horizons  being  near  the  top  of  the  gray  limestone. 
They  think  it  probable  that  this  rarity  of  fossils  below  is  due  to 
the  chemical  changes  which  the  rock  baa  undergone. 

The  gray  limestones  (No.  3)  are  generally  thin-bedded,  with 
partings  of  shale,  and  often  contain  layers  and  nodules  of  chert ; 
the  layers  of  chert  have  undulating  sur&ces  and  are  sometimes 
connected  with  nodular  masses  of  chert ;  the  nodules  are  sometimes 
scattered,  and  sometimes  in  planes  parallel  to  the  bedding,  like 
flinte  in  the  Chalk.  These  cherts  are  probably  like  those  described 
by  Dr.  O.  J.  Hinde,  from  Yorkshire  and  North  Wales,  and  found 
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to  conaist  targelj'  of  spoage  spiculea.^  The  upper  limestotiea  are- 
best  exposed  at  Castlet«n  and  round  Buxton,  and  are  also  well  seen 
nt  Crich  Hill,  south-east  of  Matlock,  where  the  limestone  is  brought 
up  a«  an  inlier  between  two  faulU  (see  Fig.  72). 

At  the  top  of  this  limeatone  is  a  bed  of  rolled  sbells  and  lime- 
stone pebbles  with  occasional  quartz  pebbles  ;  it  was  first  found  at 
Oastleton,  but  has  since  been  traced  by  Dr.  W.  Hind  through  the 
whole  of  Derbyshire  and  North  Staffordshire.  It  contains  many 
biachiopods,  trilobitea,  and  teeth  of  PiamT/uidvt,  Paephodiu,  etc,  and 
seems  to  have  formed  a  beach  which  retreated  from  north  to  south 
before  the  overlying  shales  were  laid  down  npon  it. 

In  the  memoirs  of  the  Oeolc^cal  Survey  it  is  stated  that  the 
Carboniferous  limestone  is  overlain  bya  representative  of  the  Yoredale 
beds  of  Yorkshire,  and  this  is  said  to  consist  of  two  parts,  thus  ; — 


This  correlation,  however,  ia  doubtful.  The  black  shales  and 
limestones,  which  contain  Produelttt  giganttui  and  Chtmttet  papUi- 
onacea,  only  occur  in  the  southern  parta  of  Derbyshire,  and  are 
absent  near  Costleton,  where  black  shales  with  a  different  founa 
rest  directly  on.  the  gray  and  white  limestones.  These,  with  the 
overlying  sandstones  and  shales,  are  probably  to  be  regarded  u 
Upper  Carboniferoua 

North  Wales.  ^Paaaing  westward  beneath  the  plains  of 
Cheshire,  the  Carboniferous  rocks  emerge  again  in  Shropshire, 
Denbigh,  and  Flint;  the  whole  of  the  lower  series  rises  from 
below  Millstone  grit,  and  forms  a  long  narrow  tract  running  from 
the  Bala  fault  in  the  valley  of  the  Vymwy  northward  to  the  coast 
at  Prestatyn.  Along  this  tract  the  outcrop  of  the  limestones  forms 
a  bold  range  of  hills  with  a  terraced  escarpment  on  the  western 
side.  They  are  brought  in  again  along  the  western  side  of  the 
Clwyd  valley  by  a  powerful  fault  running  along  that  valley  under 
the  Trias,  and  thence  the  limestones  skirt  the  coast  to  Llandudno, 
where  they  form  the  promontories  of  the  Great  and  Little  Orme's 
Head  (see  map.  Fig.  14).     Small  detached  tracts  of  the  limestone 
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«ccur  on  each  aide  of  the  Uenai  Straits,  and  in  the  centre  of  tUe 
Isle  of  Anglesey. 

The  Lower  Carboniferoue  series  is  thickest  in  the  northet-n  part 
of  thia  district,  but  coctiaues  in  strong  force  to  where  it  ie  cut  off 
by  the  great  Bala  faiilt  south  of  Oswestry  ;  when  it  comes  in 
aj^ain  in  Central  Shropshire  it  has  thinned  to  less  tiian  100  feet. 
The  following  subdivisions  were  made  by  Mr.  G.  H.  Morton  and 
are  generally  accepted  : — 


niotaUre. 
Cherty  Bsndstone 

Black  Umestoues  .          x 

Cray  limeatooes  G 

White  limestones  6 

Brown  litaeatoues  .          4 

BaseoicDt  beds  .  500  t< 


260 


24G0 


Liuigallea  ud  Oawestry. 
Cherty  sandstone 
Viaggy  limee  tones 
Gray  limestones 
While  limestones 
Brown  Umest«neB 


1700 

Near  Preatatyn  on  the  coast  of  Flint  the  whole  series  is 
estimated  to  he  2600  feet  thick,  hut  SOO  feet  of  thia  consists  of 
red  sandetone  with  a  hasal  conglomerate  of  quartz  pebbles  resting 
unconformahly  upon  the  Silurian.  These  beds  thin  out  southward, 
and  three  miles  east  of  Ffernant  they  are  overlapped  hy  the 
limestones,  and  the  heaement  bed  is  then  a  hrecciated  limestone 
with  some  layers  of  pebbly  sandstone. 

The  three  lower  limestone  groups  exhibit  the  same  characters 
throughout  their  range,  hnt  the  black  limestone  is  replaced  toward 
the  south  by  flaggy  limestone  containing  small  quartz  pebbles  and 
layers  or  grit.  The  brown  limestone  does  not  yield  many  fossils, 
but  Produdut  amioida  is  restricted  to  it  The  white  beds  yield  a 
larger  number,  including  BelUrophon  costatvg,  Ednumdia  ivlcata, 
Produttwi  eora,  Spirifer  lineatuii,  Shynchonetla  pUurodoa,  and  some 
corals.  Most  of  the  species  in  the  white  limestones  range  np 
into  the  gray,  hut  the  following  are  more  common  in  the  latter : — 
Productm  giganUta,  P.  latiuinma,  Athyri$  Boytii,  Spirifer  bimlcattii, 
Chontta  laguettiana,  Orthit  raupinaia,  and  Lithoslrotion  irrtffulare. 

The  black  limestone  of  Halkin  contains  Prodttctue  gigantem  and 
many  of  the  fossils  above  mentioned,  and  this  limestone  is  doubtless 
eijuivalent  to  the  ilsggy  limestones  of  Llangollen  and  Oswestry ; 
but  the  black  limestone  of  Prestatyn  yields  Poddonimiya  Btcheri, 
P.  Gibsoni,  Avictila  papiiraemit,  and  Goniatite*  trilinguit,  which 
indicate  a  higher  horizon  (Pendlesidc  group). 

The  cherty  sandstone  cousiata  of  compact,  fine-grained  brown 
eandstoaes,  each  bed  having  a  medial  band  of  gray  or  black  chert, 
and  the  beds  are  sometimes  divided  by  layers  of  white  shale,  which 
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contain  Chcmetu  laguettiana  and  Prodvehu  longisptntu.  The  cherts 
are  full  of  sponge  apicules,  and  onlj  diifer  from  some  beds  in  the 
limestone  of  YotkBhire  in  having  a.  sandj  admiztare  instead  of  a 
calcareous  one.  This  sandstone  is  sometimes  regarded  as  part  of 
the  Millstone  grit,  but  seems  by  its  fossils  more  closely  connected 
with  the  Limestone  series. 

3.  LaneashxTt  and  North  Pfnntne  Area 
The  Lower  Carboniferous  series  is  brought  up  again  firom 
heneath  the  Millstone  grita  in  lAncashire  and  West  Yorkshire 
(see  map.  Fig.  71)  by  an  anticlinal  flexure,  which  runs  in  a  north- 
easterly direction  from  near  Blackburn  by  Clitheroe  to  Skipton,  with 
a  more  northerly  prolongation  by  Cracoe  across  Wbarfedale  by 
BuroBaU.  From  tbeae  places  tbis  division  of  the  system  spreads 
northward,  and  occupies  a  large  irregular  tract  of  ground  varying 
from  1&  to  30  miles  in  width,  through  Yorkshire,  Durham,  and  the 
eastern  ports  of  Westmoreland  and  Cumberland,  frith  off-sets  which 
pass  round  the  southern  and  northern  borders  of  ths  Lake  District. 
From  Skipton  on  the  south  to  Alston  on  the  north  is  a  distance  of 
about  60  miles. 

The  rocks  of  this  lai^  area  present  two  different  faeies — one  in 
the  sonth-weat,  which  has  been  called  the  Clitheroe  type,  and  the 
other  to  the  north,  which  is  known  as  the  Yoredale  type. 
Moreover,  the  transition  from  one  to  the  other  is  rapid,  and 
coincides  closely  with  the  line  of  the  Craven  fault,  which  mni 
obliquely  across  the  area  from  near  Kirkby- Lonsdale  by  Ingleton, 
Stainfortb,  and  Linton.  South  of  this  line  the  beds  attain  a  great 
thickness,  and  their  base  is  nowhere  exposed ;  north  of  it  the  base  is 
exposed  in  several  places,  resting  on  a  floor  of  upturned  Ordovician 
and  Silurian  rocks,  but  the  limestones  are  comparatively  thin,  and 
the  overlying  shales  completely  thin  out.  The  following  is  a 
comparative  view  of  the  succession  in  the  two  districts,  from  the 
Millstone  grit  downwards,  to  show  which  beds  are  inolnded  in  the 
Lower  Carboniferous  series  according  to  Dr.  W,  Hind's  classi- 
fication : — 

CUtberoe  District.  I 

J,        fMillsCoue      grit 
9    .  (4th  grit). 

■:  S      Bowtand  shuleB .  300  tt 


(.PeDdleaideBhslea  aboatl200        Absent  or  very  thin  ) 
Lower  f  Clitheroe      and  Yoredale  beds     . 

/-J      Cniooe     lime- 
Scar  limestones  . 
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The  Geological  Survey  Memoiri  give  a  mndi  greater  thickneee 
in  the  CUtheroe  and  Pendle  area  than  that  above  indicated,  for  they 
estimate  the  shalea  below  the  Fendleside  limestone  at  2500  feet,  and 
nuke  the  Bovland  ahales  range  up  to  ISOO  feet  Ueasra.  Hind  and 
Howe,  however,  think  that  the  only  rocka  which  are  truly 
referable  to  the  Lower  Carbonifemm  in  that  area  are  the  masaive 
limeBtones  of  Clithcroe  and  Cntcoe,  with  a  vieible  thickness  of  3200 
feet^  and  a  poraible  thickness  of  3500  ;  but  even  this  seems  great 
when  contested  with  the  1000  to  1400  feet  of  the  Ingleton 
district.* 

It  has  been  thought  that  this  great  difference  in  thickness  and 
composition  could  only  be  explained  by  supposing  that  the  production 
of  the  Craven  faults  was  contemporaneous  with  the  depc«ition  of 
the  beds,  repeated  uplifts  on  the  northern  aide  keeping  the  water 
shallow,  and  so  hindering  the  formation  of  thick  limestones.  But 
according  to  Messrs.  Hind  aud  Howe  the  change  is  mainly  due  to 
the  very  rapid  thinning  out  of  the  beds  which  they  call  the  Pendle- 
side  group.  It  should  also  be  mentioned  that  they  difTer  from  the 
Geological  Survey  in  considering  that  the  Yoredale  beds  (a  group 
of  limestones,  shales,  and  sandstones)  replace  part  of  the  CUtheroe 
limestone,  while  the  Survey  regard  them  as  equivalenta  of  the 
Pendleside  group. 

The  lower  Clitheroe  limestones  are  dark  gray,  hut  the  upper 
beda  are  whitish  and  form  irregular  reef-like  meases,  the  upper 
eurlaces  of  which  are  uneven,  and  often  rise  into  oval  or  conical 
eminences,'  the  depressions  between  them  being  filled  by  the  shale* 
of  the  Pendleside  series,  a  conformation  which  may  partly  account 
for  the  variable  thickness  of  these  latter  beds. 

Passing  now  to  the  north  of  the  Craven  faults,  the  base  of  the 
Limestone  series  is  well  exposed  near  Ingleborough  and  Horton, 
the  general  succession  being  as  follows  : — 
Gray  limestouea  with  Ckontta  papilioTuieea. 
Limestones  with  quartz  pebbles  and  some 
Brown  sandstones  and  conglomerates  n 

taining  plants  and  LepeTdiiia  Okeni. 
Oreen  shales  without  rossils,  resting  on  Ordovicitin. 

These  shales  and  arenaceous  beds  vary  in  thickness,  but  there 
are  often  40  or  00  feet  of  theio.  The  thick  mass  of  gray  limeatone 
above  was  called  the  Scar  limestone  by  Phillips. 

The  Yoredale  beds  consist  of  limestones  with  intercalated  bands 
of  shale  and  sandstone,  the  limestones  being  not  lenticular  but 
peraietent  bands,  which  have  been  traced  for  long  distances,  and 
each  bond  has  received  a  special  name. 

The  highest  of  the  Yoredale  limestones  is  known  as  the  "  main 
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limeatone,"  and  the  lowest  as  the  "  Hordraw  limestone."  Between 
these  at  lagleborough  there  are  three  other  limestones,  and  farther 
north  two  others  come  in,  so  that  in  Wenslevdale  there  are  seven 
Yoredale  limestones  {see  table  on  p.  2&3).  All  these  limestones,  as 
well  aa  those  of  the  more  massive  series  below,  contain  Proiiuetu* 
giganUa  and  most  of  the  fossils  which  occur  in  the  Carboniferous 
luneitone  of  Derbjahire  and  Lancashire. 

Above  the  "main  limeatone"  of  Weusleydale  there  aie  some 
peculiar  beds  which,  though  of  no  great  thickness  (160  feet),  are 
remarkable  both  in  their  lithological  and  palieontological  characters. 
Thej  include  two  beds  of  limeatone,  each  of  which  is  overlain 
by  a  band  of  chert  beds ;  the  lower  set  is  known  as  the  "  Red 
Beds "  and  the  upper  as  the  "  Crow  limestone  and  chert"  The 
chert  in  the  Bed  Beds  is  43  feet  thick,  and  has  yielded  a  ramarkable 
set  of  fish  teeth,  an  account  of  which,  with  a  complete  enumeration 
of  the  beds  at  Leyhnrn  in  Wensleydale,  has  been  published  by 
Mr.  J.  W.  Davis.* 

When  followed  northward  the  whole  series  becomes  thicker. 
The  basement  beds  pass  into  a  thick  group  of  red  conglomerates 
and  sandstones,  which  in  the  Cross  Fell  district  are  from  1000  to 
1200  feet  thick.  Mr.  Goodchild  describes  the  succession  illustrated 
by  Fig.  76  as  follows  ;^ — 

FMt. 

Limeatone  «ith  a  few  thin  bands  of  Ahale  and  sandstone  .  .  lOOO 
Soft  red  sandstone*  with  some  pebbly  beds,  and  iucludiog  some 

layers  of  shale  and  of  sandy  limestone 500 

ijmestonsB  without  any  intercaUtions GOO 

Gray  shales  passing  down  iato  green  qoartz  conglomerates.  .  200 
Bed  ooDglomeratea  and  sandstones  with  roclc-fragments  derived 

from  the  older  rocks  (!  Old  Bed  Sandstone)  np  to  .       .        .  200 

Towards  Alston  the  main  mass  of  limeatone  is  still  further  split 
np  l^  the  intercalation  of  sandstones  and  shales,  and  expands  to  a 
thickness  of  1600  feet^  with  twelve  distinct  beds  of  limestone.  It 
begioa  in  fact  to  assume  the  same  facies  as  the  Yoredale  group 
which  overlies  it ;  the  total  thickneas  of  the  whole  series  near 
Alston  is  probably  3&00  feet. 

4.  Northwi^ieTlatid  and  Benaick 
The  Lower  Carboniferous  series  of  these  counties  is  a  continua- 
tion of  that  just  described,  but  not  only  does  it  occupy  a  still 
greater  breadth  of  country,  extending  from  Annan  and  Langholm 
in  Dumfries  across  Northumberland  to  Morpeth  and  Alnwick,  and  ' 
from  the  Durham  border  to  the  Tweed,  but  the  lithological  com- 
position of  the  series  undergoes  a  still  further  change. 
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The  baaement  beds,  which  had  thiekased  to  over  1000  feet  in 
Cumberland,  exhibit  further  eipansion,  and  when  they  emerge  on 
the  Scottish  border  thej  sre  about  2000  feet  thick,  forming  the  lower 
part  of  a  great  areuaceouf  series,  to  which  the  name  of  Tiiedian  ww 
g^ven  in  1856  by  the  late  G.  Tate,  from  its  fine  davelopment  on 
the  valley  of  the  river  Tweed. 

The  limestone  group  completely  loses  its  calcareous  facies,  and 
passee  into  a  varied  group  of  beds  similar  to  the  Yorkshire  Yore- 
dales.  To  this  fecies  Mr.  Lebour  has  given  the  name  Bemieian, 
from  Bemicia,  the  Roman  name  of  Northumberland.^" 

In  the  following  table  the  Lower  Carboniferous  rocks  of  this 
region  are  grouped  under  these  two  heads,  but  the  subdivisions 
and  details  are  taken  from  the  writings  of  Messrs  Hugh  Miller  and 
W.  Ounn,  of  the  Geolt^cal  Survey.^' 

Dlvliiont.  Thickom  In  f«t. 

'/.  Fell-top  division  (between  the  Uiltstone  grit 
ajid  the  zone  of  the  Great  limestone). 
Sandstone*  and  shales  with  soma  ooals 
and  one  or  tnora  beds  of  marine  limestone         350-1200 

t.  Caicareoui  diviiicn  (from  Great  limestone  to 
base  of  Dim  or  Redesdsle  limestone).  Sand- 
stones and  shales  with  coals  and  many 
beds  of  marine  limestone  .  1300-2500 

d.  Carboaauoua  diniairm  (Scremerston  beds). 
Strata  prevalently  uarbonaceous ;  lime- 
stones chiefly  thin,  many  of  them  contain- 
ing carbon  Boeoiis  matter ;  coals        .  SOO-2500 

'e.  Upper  Taedian  or  Fell  aandstone  grouii 
(Tweedniouth,  Simonside,  Harbottle,  and 
Bewcastlo  Fells) :  a  belt  of  massive  gtits 
n-jtb  green.  Kray,  and  reddish  shales ;  coals 
rare  and  tliiu 500-1600 

b.  Lower  Tuedian  or  Cement  •  atone  group : 
ssjtdstones    and    shales    with   bands  of 


Tuedian  SerleB.^^.  The  basement  conglomerates  occur  locally 
round  the  Cheviot  Hills,  and  are  by  some  referred  to  the  Upper 
Old  Red  Sandstone,  hut  they  pass  up  into  the  overlying  sandstones, 
and  certainly  form  a  local  base  of  the  Carboniferous  system.  They 
are  of  a  reddish  brown  colour  and  contain  rolled  pebbles  of  the 
Cheviot  porphyrites, 

b.  These  beds,  generally  called  the  Lower  Tuedian,  consist  of 
yellow  and  reddish  sandstones,  gray  and  purple  shales,  greenish 
sandy  clays  (sometimes  full  of  hard  siliceous  concretions),  and  beds 
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of  hard  cream-coloured  eartliy  limestone  or  cement-stone  in  the 
upper  part.  In  this  Rroup  fossils  are  verj  rare  and  badly  preserved, 
but  Modiola  Maeadami  occura. 

c.  The  lowest  member  of  the  Fell  aandatone  group  is  known  as 
Harbottle  grit,  and  in  this  the  fossil  Arehamxlon  Juiuti  has  been 
found,  a  species  which  connects  it  with  the  Upper  Old  Red  Sand- 
atone  of  Ireland  and  the  lowest  Carboniferous  beds  in  Scotland. 
The  Harbottle  grits  and  the  other  maasiTe  saadBtones  of  this  group 
form  a  broad  belt  of  high  and  rugged  country  in  the  western  part 
of  Northumberland,  rising  into  craggy  hills  and  fells,  such  as  those 
of  the  Chillinghani  and  Simonaide  EiUa  and  the  Peel  and  Bevcaatle 
Fella.  The  sandstonea  are  divided  by  bands  of  shale,  and  a  few 
thin  seams  of  coal  occur ;  plant  remains  are  not  rare,  and  the 
occurrence  of  L^ndodendnm  wllheimianum  is  notable.  At  or  near 
the  top  of  this  group  is  a  thin  limestone  with  marine  foasils  of  the 
usual  limestone  type. 

Bemlciaii  BarioB. — On  the  southern  border  of  Korthumber- 
land  the  massive  Scar  limestone  of  Yorkshire  and  the  Voredale 
beda  are  still  distinguishable  aa  separate  atages,  but  as  they  are 
followed  northwards  thej  lose  their  distinctive  character  and 
mei^e  into  one  great  series  of  alternating  limestones,  shales,  and 
sandstones  with  many  workable  beds  of  coal.  The  lower  part  of 
this  Bernician  series  representa  part  of  the  Limestoae  group,  and 
the  central  part  appears  to  correspond  with  the  Yoredale  group, 
bat  there  does  not  appear  to  be  any  well-marked  or  persistent  bed 
which  would  serve  as  a  line  of  division  between  them.  Beds  of 
this  type  stretch  northwards  from  Hexham  and  Haltwhistle  to  the 
borders  of  the  Cheviots,  and  north-eastward  to  the  sea,  forming  the 
coast-line  from  Alnmouth  to  Berwick-on-Tweed. 

The  most  remarkable  feature  in  the  Northumberland  series  is 
the  great  development  of  the  mechanical  sediments  in  the  centre 
of  the  county.  Some  of  the  lower  beds  expand  into  the  "  Car- 
bonaceona  group"  of  Tate  and  Miller,  while  another  series  of 
sandstones  and  ahalea  with  coals  and  thin  limestones  come  in  above 
the  main  Yoredale  limestone,  forming  the  Felltop  division.  Thus, 
at  Alston,  between  the  "Felltop"  and  "Little"  limestones,  there 
is  abont  3S0  feet  of  shales  and  sondetones  ;  in  the  Inghoe  district, 
north  of  the  Tyne,  this  interval  has  increased  to  1450  feet,  with 
three  intercalated  beds  of  limestone.  Here  the  total  thickness  of 
the  Bernician  gronp  is  estimated  at  6000  feet,  but  eastward  it 
i^in  diminishes,  and  along  the  coast  it  is  once  more  reduced  to 
between  S&OO  and  3000  feet 

Beda  of  coal  oecor  throughout  this  Bernician  series,  but  are 
thin  and  of  poor  quality  in  the  central  part,  and  are  thickest  and 
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moBt  largely  worked  in  the  highest  port  (Felltop  division).  Pro- 
feBBor  Lebour  remarks  that  the  coal-aeama  are  by  no  means  so 
regular  as  those  of  the  coal-meoeares  above,  being  more  liable  to  split 
up  into  two  or  three  seams,  and  sometimes  thining  out  altogether  for 
a  space.  The  seams  generally  rest  on  underclays  full  of  stigmariau 
roots,  but  occasionally  they  lie  direotly  upon  shale  or  sandstone. 

The  limestones  are  thin  as  compared  with  those  of  Yorkshii'e, 
seldom  attaining  20  feet,  though  one  (the  Great  limestone) 
reaches  to  40  feet  in  some  placAS.  They  contain  the  usual  corals, 
crinoids,  and  brachiopods,  including  Pmductux  gigantai*  and  F. 
temiretitiilatuA  Parts  of  the  "  Eight-yard  limestone  "  near  Alnwick 
are  largely  made  up  of  the  large  foraoiinifer  Saceamina  Carteri. 
Associated  with  some  of  the  limestones,  and  in  places  repreaeating 
them,  are  calcareous  shales  which  are  often  rich  in  fossils,  as  in  the 
case  of  the  Bedesdale  ironstone  shale  near  Hexham. 

In  consequence  of  the  extensive  mining  for  lead  and  coal,  each 
bed  of  limestone  has  become  familiar  to  the  miners,  who  have 
given  a  special  name  to  each  ;  but  these  names  are  dilTerent  in  the 
different  parl«  of  the  county,  though  it  -has  recently  been  aacer- 
tained  by  the  Gleological  Survey  that  many  of  the  limestones  are 
persistent  from  the  southern  to  the  northern  border. 

Mr.  W.  Gann  has  recently  published  a  correlation  of  the  Lower 
Carboniferous  series  of  Yorkshire,  Northumberland,  and  Scotland, 
which  is  based  on  the  researches  of  himself  and  the  late  Hugh 
Miller.'*  He  states  that  the  four  Upper  Yoredale  limestones  have 
now  been  traced  all  across  the  county,  the  "  main  limestone "  of 
Yorkshire  being  the  "  Great  limestone  "  of  Teesdale,  the  "  Ten-yard 
limestone  "  farther  north,  and  the  "  Drybum  limestone  "  of  Lowick. 
If  this  correlation  is  correct  it  follows  that  the  whole  Upper 
Bemioian  or  Felltop  division  is  above  the  real  Yoredale  group  of 
Wensleydale,  and  is  represented  only  by  about  100  feet  of  cberty 
limestone  and  sandstone  in  Yorkshire. 

The  following  table  shows  the  successive  limestones  of  the 
Yoredale,  Alston,  and  Northumberland  section,  and  I  have  followed 
Ml.  Gunn's  correlation  except  in  respect  to  the  Oxford  limestone, 
which  I  have  preferred  to  regard  as  the  equivalent  of  the  Simou- 
etane  instead  of  the  Hardraw. 

Scotland.  tliuniberl*nd.     I         Aliton  Uoor.  [  Wrag]«;dJil(. 

Upper     I  Measures  with  j*  Felltop  limestone 

Bndcoala.J     limeatones     ( Utile  limestODe 
Edge  caul  \ 
group     J 


-   IJckar  coals      Sbsles  limestone 
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.      .     I    North  of  Nof    I 
Seotluid.        UiuinlwrlsDd.  Aliton  Uoor. 

ffoybuTQ  liiD«-  tirekC  limastoae 

Low  Dean  Four  -  btlioiii    llme- 
limeatane  stone 

Acn  limeatons  Three-yard  limeatone 

BelvreU  l[me-  Flve-jard  limeatone 


Five  thin  bands  J  i 


Bear  limestone 
,  „        .  1  CoekleshaU  limestone 

ot  limeatone  (gingiepo at  limeatone 
Oxford  lima-  TjTiebottom  lime- 
Thin  limeatone') 

abovedlehalej     J«*  l>°ie«toE6 
Woodendlime-'l  Massive  limeatonea 


Main  limestone 
Undenet  limeatone 


t-MidiUe  limeatone 
Sim  onslone  limeatone 
Hardnn  limestone 


Thin  limeatone. 

It  ia  Bomewhat  uncertain  whether  the  Fell  SandBtonea  (Upper 
Tuedian)  represent  any  part  of  the  Carboniferoua  Limeatone,  for 
they  have  not  yielded  anj  of  its  characteristic  foaaila.  The 
Scremerston  Beds,  on  the  contrary,  have  yielded  Prcrfurfiii  cara  and 
P.  gigantttu  at  aeveral  horizons,  and  the  usual  limestone  fossils  are 
pleutifnl  in  the  Redetdale  limestone  of  South  Northnmbertaod, 
which  is  the  equivalent  of  the  Dun  limestone  of  the  north. 


The  central  lowlanda  of  Scotland  display  an  enormous  thickness 
of  Lower  Carboniferous  rocks,  which  may  be  regarded  as  the 
eipanded  equivalents  of  the  Tuedian  and  Bernician  series  of 
Northumberland,  for  the  Scottish  series  is  similarly  divisible  into 
a  lower  group,  which  is  mainly  arenaceous,  and  an  upper  more 
varied  group  of  shales,  sandstones,  limestonefi,  and  coals.  The 
lower  has  been  called  the  Calciferous  Sondstoue  series,  and  the 
upper  was  termed  the  Carboniferous  Limestone  series ;  bnt,  as 
indicated  above,  the  equivalents  of  the  main  mass  of  the  Car- 
boniferous limestone  lie  entirely  below  this  "limestone  series" 
of  Scotland.  Thns  the  nomenclature  hitherto  used  by  the 
Geological  Snrvey  and  adopted  in  most  text-books  gives  rise  to  ' 
misconception,  and  tends  to  exaggerate  the  strati  graphical  import- 
ance of  the  upper  part  of  the  series.  For  while  the  upper  portion, 
which  has  a  thickness  of  only  from  1600  to  1800  feet,  has  been 
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divided  into  three  groups,  the  lower  portion,  which  ia  over  6000 
feet  thick,  exclusive  of  the  Red  Sandstone  group,  was  undivided. 

There  is  no  question  of  the  desirability  of  retaining  the  suh- 
diviaiona  of  the  upper  series,  but,  aa  I  am  informed  by  Mr.  Qoodchild, 
the  lower  eeriea  is  equally  capable  of  subdivision  into  ^ree  groups, 
as  shown  in  the  following  scheme,  which  is  slightly  modified  from 
the  tabular  view  given  in  his  Outline  of  the  Geological  Hidory  of 
tht  Soda  anyand  EdinbitTglO^ 


Upper  limeat«ne  group 
Edge  coal  group 
Lower  limestone  group 

Cement-atana  group       '. 


i.  Up|ior  limestone  group       .         .  400  to  600 

>.  £dge  coal  group         .         .         .  600  to  600 

I.  Lower  limestoae  group                .  EDO  to  600 

i.  Oil  shale  group  .                          .  up  to  3700 

I.  QntutoQ  and  Hailei  sandatones  .  „      3400 

1.  Ballagan  beds    .         .         .         .  „      ISOO 

M„«i«.„g,..p  {:^srrd.s.'..d.»gi.„™t.i ..  "°» 

The  Bed  Sandstone  Qroup  has  been  described  under  the 
head  of  Old  Red  Sandstone  (see  p.  1 94),  although  it  certainly  paaaea 
np  into  the  Carboniferous  series,  and  is  by  some  regarded  as  the 
base  of  that  seriea. 

The  Balla^an  Beds. — This  name  was  first  given  to  the  beds 
which  overlie  the  red  sandstones  near  Olaagow,  and  may  con- 
veniently be  employed  to  denote  the  lowest  group  of  beds,  which 
is  undoubtedly  Carboniferoos,  and  is  the  equivalent  of  the  Cement- 
stone  group  of  Berwick. 

It  coneiata  in  the  lower  port  of  clays,  shales,  sandstones,  and 
tuffa  with  Bome  beds  of  dull  compact  limeatone  (cement-atone)  and 
of  siliceous  sinter  ;  this  part  is  about  200  feet  thick.  Next  in  the 
Edinburgh  district  comes  the  volcanic  episode  of  Arthur's  Seat,  a 
set  of  basaltic  lavas  and  tuffs  with  interstratified  aandalonea  and 
ahalea,  having  a  total  thicknesa  of  7fiO  feet  These  are  covered  by 
the  Abbey  Hill  ahtdes,  which  are  300  feet  thick  and  contain 
marine  fossils. 

G-ranton  and  Halles  Sandstones. — Thia  group  consists 
of  two  thick  aandstones  aeparated  by  a  band  of  ahalea  The  lower 
member  is  the  Granton  Sandstone,  probably  about  800  feet  thick  ; 
the  central  band  consists  of  the  Wardie  shales  (400  feet),  and  the 
upper  is  the  Hoiles  Sandstone,  which  may  be  1000  feet  thick. 
These  sandstones  form  good  building  stones,  and  appear  to 
correspond  with  the  Fell  Sandstones  of  Northumberland.  In 
Fifeshire  these  are  the  lowest  beds  exposed  in  the  coast  section 
near  Burntisland ;  they  have  yielded  few  fosaila,  but  the  Wtirdie 
ahalea  contain  Schizodxu  pentlandicut,  Naiadites  obeta,  AiMraeonya 
Iftvii,  and  others. 
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Oil  Bhale  Group. — This  group  i»  most  fully  developed  in 
Fife,  where  its  base  is  well  marked  by  a  bed  of  dark-coloured 
limestone  known  aa  the  Buidiehouse  liineetoQ&  This  is  an 
entomostracan  limestone  crowded  with  the  cases  of  a  small  ostracod 
i^Leperdilia  Olxni,  Tar.  burdigaiMiis).  The  gronp  takes  its  name 
from  the  prevalence  of  black  bituminous  shales  which  contain 
lai^  quantities  of  petroleum,  some  bands  of  them  being  eo  rich 
as  to  yield  from  30  to  40  gallons  of  oil  per  ton  of  shale,  besides 
a  considerable  quantity  of  sulphate  of  ammonia  as  a  by-pvodnct 
in  the  process  of  abstiwition. 

The  Oil  Shale  group  consists  mainly  of  shales  and  sandstones 
which  contain  the  remains  of  fish,  plants,  and  estnarine  molluscs, 
especially  Naiadilet  obua ;  but  there  are  many  beds  of  limestone 
containing  marine  shells,  and  these  sediments  are  interatrati&ed 
with  sheets  of  volcanic  material,  basalta,  and  basaltic  toffs,  and 
are  pierced  by  a  large  number  of  pipes  and  bosses  of  volcanic 
agglomerate  which  are  the  orifices  of  small  volcanic  vents. 

The  marine  beds  in  this  group  have  been  carefully  studied  and 
described  by  Mr.  J.  W.  Eirkby,'*  who  found  no  fewer  than  eighteen 
limestones  containing  marine  fossils.  Four  of  these  occur  in  the 
upper  500  feet,  and  the  rest  in  the  lower  l&OO  feet,  the  total 
thickness  beii^  put  at  3800  feet.  The  fauna  of  the  lower  beds 
is  characterised  by  the  rarity  of  brochiopods  and  the  abundance 
of  lamellibianchs  and  gastropods.  Of  these  the  commonest  are 
Myalina  cratea,  Schuodjis  penilandica»  (  =  S.  SalUri),  Leptodomut 
coAtUatyJi,  Macrod^gilui  acului,  Murchiionia  itriatula,  Sellerophon 
Ur«i,  and  B.  dtcuuaUu,  and  many  remains  of  fishes-  In  the  upper 
500  feet  ore  Pnduiehu  eora,  P.  aemiretieulaius,  Sangninolitt*  abdentit, 
Adinopttria  permletUa,  and  many  other  speciee. 

Lower  Limefitone  Qroup. — Near  Edinburgh  this  group 
has  a  thickness  of  400  feet  to  600  feet,  and  contains  three  beds 
of  limestones,  but  these  are  seldom  more  than  IS  feet  thick, 
though  occasionally  swelling  out  to  30  feet,  and  in  the  Bathgate 
Hills  (Linlithgow)  to  70  or  80  feet  In  Ayrshire  the  Huilet,  or 
Main  limestone,  attains  a  thickness  of  100  feet  Spirifer  trigtmalii, 
Produdta  giganteut,  and  P.  lemirtticulalut  are  common  fossils,  and 
in  some  places  the  limestones  are  largely  crinoidal,  i-e.  composed 
of  tlie  shelly  plates  which  form  the  arms  and  stems  of  crinoids. 
These  limestones  are  interbedded  with  a  series  of  shales,  sandstones, 
and  coal-seams,  several  of  the  coals  being  immediately  succeeded 
by  a  limestone,  e.g.  the  Hurlet  coal  and  limestone,  as  if  there  had 
been  times  when  the  shallow  lagoons  and  swamps  were  suddenly 
submerged  and  occupied  by  marine  organisms. 

Bdfe  Coal  Oroup. — This  is  a  shale  and  sandstone  series,  and 
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it  iududee  tome  valuable  seams  of  coal,  iroDstoae,  and  oil  shale, 
but  no  liinestonefl.  In  Midlothian  ita  thickneaa  is  about  800  feet. 
Some  of  tbe  beds  contain  marine  shells,  others  are  full  of  terrestrial 
plants,  showing  that  the  gradual  submergence  which  was  in  progress 
was  now  and  then  counterbalanced  by  the  deposition  of  tbe  sedi- 
ment bronght  down  in  such  quantity  by  rivers. 

Upper  Iilmeetone  Group, — This  is  about  600  feet  in 
Midlothian ;  it  contains  three  bands  of  limestone  and  four  seams 
of  coaj,  interstratified  with  sandstone,  shale,  and  fireclay.  The 
limestones  contain  the  same  fossils  as  those  of  the  lower  group, 
and  though  seldom  more  than  three  or  four  feet  thick,  have  been 
traced  over  an  area  of  at  least  1000  square  miles,  thus  proving 
that  the  physical  conditions  of  the  period  were  very  uniform  over 
a  laige  area. 

In  the  western  part  of  the  Scottish  lowlands  near  Ola^ow 
the  succession  is  similar,  hut  with  certain  difFerences;  the  sand- 
stones are  very  much  thinner,  and  the  greater  part  of  the  oil  shale 
group  is  replaced  by  a  thick  mass  of  volcanic  rocks.  I  am  informed 
by  Mr.  Qoodchild  that  the  western  succession  nay  be  tabulated  as 
foUowB : — 

Upper  limestons  group  from  the  Castlecary  to  the  Index 

Edge  coal  group  with  coals  and  ironstones     .        .  200 

Lower  limestone  group  (Hoaia  and  Huriet  ironstones)    .  60 

Tbe  volcanic  series  (cliietly  lava-flows)    ....  lOOO  to  2000 

Gray  aod  white  sandstones 100 

Ballagan  beds,  clays  and  shales  with  nodnles  and  bands 

of  areillaceoos  lunestoue 1200  to  1500 

Sri°"'''*".''°°""°"'}lP,.'OME.d.  .         1500 

A  similar  succession  is  found  in  the  Isle  of  Arran,  where, 
however,  it  would  seem  that  the  Ballagan  shales  are  thinner  and 
tbe  overlying  sandstones  are  thicker,  with  intercalated  lava-flows. 
The  volcanic  group  forms  a  nearly  continuous  band  from  Arran 
throngh  Dumbarton  and  the  Canipsie  Fells  to  the  hills  near 
Stirling,  and  it  recurs  in  Ayrshire  and  the  south  of  Renfrew.  The 
Lower  Limestone  group  which  succeeds  is,  in  Arran,  of  a  red  colour, 
and  was  formerly  thought  to  be  part  of  the  Upper  Old  Red  Sand- 
stone, but  the  error  of  this  view  was  pointed  out  by  Mr.  J.  Nelson 
in  1896,^^  and  has  since  been  admitted  by  the  Geological  Survey. 
The  red  limestone  of  Corrie  is  now  regarded  as  the  local  equivalent 
of  the  Huriet  limestone,  and,  like  it,  is  characterised  by  the 
profonon  of  fradudiM  giganieiia.      Both  the  Edge  coal  and  the 
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upper  limestones  are  found  in  Arrao,  and  the  latter  are  also  stained 
red.  The  Index  limestone  is  characterised  bj  the  abundance  of 
Produdtu  latumimu. 

6.  Ireland 

In  no  country  can  the  rocks  of  the  Carboniferous  system  be 
better  Btndied  than  in  Iieland.  They  occnpy  Ailly  one-half  of  the 
superficial  area  of  the  country,  the  whole  of  ihe  great  centrsl  plain, 
which  stretches  completely  across  the  island  from  east  to  west, 
consiHting  of  the  Carboniferous  limestone,  though  its  surface  is  often 
covered  by  Pleistocene  gravels.  The  lower  groups  of  the  syatera 
emerge  from  beneath  the  limestone  to  Che  north  and  Bonth,  while 
here  and  there  the  limestone  plain  supports  hills  of  low  elevation 
composed  of  the  Coal-measures  ;  these  outliers  are  the  sole  remnants 
of  the  beds  which  once  spread  over  the  limestone,  and  their 
survival  is  due  to  the  circumstance  of  theii  lying  in  synclinal 
troughs  or  basins.'' 

For  the  sake  of  clearness  and  brevity  the  chief  facts  regarding 
the  Lower  Carboniferous  series  of  Ireland  will  be  given  under 
three  heads,  (1)  Antrim  and  Derry,  (2)  The  Great  Central  Plain, 
(3)  Cork  and  Kerry,  the  first  and  third  of  these  areas  each 
exhibiting  a  special  and  peculiar  facies  of  the  formation  differing 
greatly  from  that  of  the  central  area. 

Antrim  and  Derry. — Just  as  tlte  Scotch  Cambrian  and 
Silorian  rocks  strike  south-westerly  into  the  north  of  Ireland,  so 
also  do  the  Scotch  Carboniferous  rocks.  A  series  similar  to  that 
of  Ayrshire  is  found  near  Ballycaatle,  in  Antrim,  and  consists  of 
the  following  groups  according  to  Professor  Hull : — 

FBet. 
„,  ,       .  I'Rediliah  and  gray  sandstones  with  aeams  of 

Edge  coal  senes  |  ami  and  li  lack-band  ironstone  ...  240 
,  ,.       .  fCalcareoui  shales  with  two  beds  of  com'pact 

Lower  hraeatone       -(     „^ii,u^^^  limestone         .        .        .        .        56 

fRed  and  yellow  sandstones  with  beds  of  shale 
Cement'StoDS  group-!     and  a  quartzose  couElomerate  at  the  base, 

(     resting  upon  mica-scnist     ....    1000 

The  diminished  thickness  of  the  Limestone  series  is  remarkable, 
and  yet  the  fossils  leave  little  doubt  of  the  correlation,  for  they 
include  Productut  giganteui,  BdUropkon  Urei,  and  Orthiocenu 
Steinhaueri. 

A  similar  series  of  beds  is  found  in  Derry,  extending  along  the 
western  border  of  the  basaltic  plateau,  from  the  shores  of  Lough 
Foyle  southward  to  Maghera  and  Diapersdown.  At  the  base  are 
thick  reddish-brown  ccmglomerates  and  sandstones,  succeeded  by 
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a  great  thickness  of  cakiferouB  Bandstoae  with  hands  of  shale, 
which  are  well  exposed  in  the  valley  of  the  Moyola  Eiver  near 
Draperadown.  In  these  higher  heds  the  commoneBt  fossils  are, 
Leperditia  Okeni,  Modwla  Maaidami,  and  Frototchvcodus  axiniformu, 
with  Dithyrocaru  Colti,  Cyprii  burdigalennt,  and  remains  of  tish-^^ 

Mr,  Nolan  compares  the  lower  division  with  the  Lower  Oalci- 
fetoua  sandstone  of  Scotland,  and  estimates  its  thickness  at  1 SOO 
feet ;  the  thickness  of  the  upper  division  is  uncertain  owing  to 
&ults,  but  it  is  probably  over  1000  feet 

Above  these  beds,  at  Cullion  and  Desertmartin,  limestones  come 
in  which  are  arenaceous  in  the  lower  beds  ajid  dolomitic  in  the 
higher  ;  the  prevalent  fossils  are  corals  (Liihoitroiion  jutuxam,  L. 
affinu)  and  brachiopods  {Prodwdm  giganUva  and  OrikU  rejupifwta). 

Oreat  OentrsJ  Plain  — The  central  part  of  Ireland,  from  the 
shores  of  Dublin  and  Meath  to  Qalway  Bay  and  Lough  Corrib,  is  a 
great  tract  of  low  undulating  land  which  seldom  rises  to  more 
than  300  feet  above  the  sea.  In  conseqnence  oF  this  low  elevation, 
the  general  horizontality  of  the  limestones  below  it,  and  the 
prevalence  of  Pleistocene  deposits,  exposures  arc  few  in  the  central 
area,  and  it  is  only  in  the  outer  parts,  where  the  beds  rise  into  hilts, 
that  the  complete  succession  can  be  studied  ;  the  best  sections  are 
fonnd  on  its  northern,  western,  a&d  southern  borders. 

On  the  northern  border,  in  Tyrone,  Fermanagh,  and  Leitrim,  tlje 
general  succession,  according  to  Messrs.  Hull  and  Hardman,  is  as 
follows : — 

Feet. 
600 

lOOO 


Brown  sandstones  and  conf^lomeratss 


The  basal  beds  are  sometimes  called  Upper  Old  Bed  Sandstone, 
bnt  they  rest  nuconformably  upon  the  Fintona  beds  (see  p.  196),  and 
are  now  generally  regarded  as  Lower  Carboniferous  because  they 
seem  to  be  the  equivalents  of  similar  beds  in  Berry  and  of  the 
Bed  Sandstone  groap  in  Scotland.  They  consist  of  reddish  brown 
conglomerates  containing  pebbles  of  white  and  pink  quartz, 
succeeded  by  purple  brown  and  gray  aandatanea  and  sandy  shales, 
and  above  these  are  yellow  sandstones  and  shales  ;  no  fossils  have 
yet  been  recorded. 

The  lower  limestones  have  shales  at  the  base,  and  there  i.i  a 
Kradual  passage  from  these  to  limestones  with  beds  of  shale.  The 
succeeding  beds,  known  as  the  Calp,  consist  of  massive  light-coloured 


.V  Google 


236  8TRA.TIGEAFH1CAL  GEOLOGY 

uudetonea  with  bande  of  shale  and  beds  of  impare  coal ;  thin  beds 
of  earthy  limeatone  also  occur.  The  upper  limestones  contain 
Productiu  giganteua  and  other  fossils,  and  are  OTerlain  by  black 
shales  which  yield  the  same  fossils  as  occur  in  the  Pendleaide  group 
in  England. 

Westward,  in  Sligo  and  Mayo,  there  is  a  similar  succession,  but 
the  basal  beds  are  absent  and  the  lower  limestones  pass  laterally 
into  beds  of  calcareous  breccia  and  conglomerate,  indicating  a 
shore-line.  The  upper  limestone  rises  into  hills  with  bold  craggy 
escarpments,  while  the  softer  beds  of  the  calp  have  been  eroded 
into  broad  vales. 

As  the  series  above  described  is  traced  southward  through  Mayo 
and  Koscommon  into  Qalway  they  exhibit  a  change  similar  to  that 
which  takes  place  in  England,  namely,  a  thinning  of  the  sandstones 
and  shales  and  a  thickening  of  the  limestones,  till  the  series  passes 
into  a  great  limestone  formation  nearly  3000  feet  thick,  wiUi  the 
same  black  shales  above  and  a  stUl  thicker  set  of  basal  sandstones. 
The  following  is  the  succession  in  Oalway  and  Clare  according  to 
Mr.  Kiuahan : — 

F«t. 

1500 


Middle  limestone-j  Chwtv'zona 

(The  Fsnestella  limes 
Lower  oherty  lone 
Lower  limestone  shal 
Basal  beds  or  Old  Bed  Sandstone     . 


The  characteristic  fossils  of  the  Lower  Limestone  are  Fmeitelia 
fiaheliata,  Michtlinia  favom,  Rhyndumella  pUarodim,  E.  pugniu, 
Spinfer  sItvOui,  Cardiomorpha  ohlonga,  Coiiocardium  hibemicum, 
and  many  cephalopoda  Beds  of  the  calp  type  occur  toward  the 
east  at  Loughrea  and  Portumna,  and  seem  to  be  replaced  in  the 
west  by  the  lower  part  of  the  upper  or  Burren  limestone. 

In  the  hills  of  Burren,  County  Clare,  the  upper  part  of  the  lime- 
stone is  magnificently  developed,  and  is  thus  described  by 
Mr.  Jukes  '^ ; — 

"A  range  of  hills,  rather  more  than  1000  feet  in  height, 
sweep  for  about  20  miles  along  the  south  side  of  Galway  Bay. 
They  are  formed  entirely  of  bare  rock  from  the  sea-level  to  the 
hill-tops,  the  only  soil  being  found  in  crevices  of  the  rock,  or  in 
patches  in  the  hollows  of  the  valleys.  This  rock  is  all  limestone, 
in  regular  beds,  which  dip  gently  to  the  south,  at  an  angle  of  ]^ 
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degrees  only,  and  counting  from  the  lowest  bed  that  rises  out  on 
the  sea-shore  to  the  uppermost,  which  cape  the  Eiunmit  of  the  hills 
three  or  four  miles  to  the  southward,  there  must  be  a  thickuess  of 
at  least  1600  to  1700  feet  of  solid  limestone  shown  here. 

Still  farther  south,  in  Limerick  and  Tipperary,  there  is  a 
■imUar  succession,  but  the  basal  sandstoneB  and  conglomerates 
have  increased  to  a  thickness  of  2000  feet,  and  the  Limestone  aeries 
above  aUains  a  thickness  of  about  3600  feet,  its  thickest  member 
being  the  Feneetella  limestone  (l&OO  to  1900  feet),  while  the  upper 
(Bniren)  limestone  has  decteased  to  only  240  feet  The  same 
succession  of  limestODes  can  be  followed  eastwaxd  through  Kilkenny 
and  Carlow,  but  the  basal  beds  become  thinner  in  this  direction. 
Fig.  88,  across  the  Castlecomer  coal-field,  illustrates  this  part  of 
the  area. 

The  lower  conglomerates  appear  to  die  out  in  Eilkenuy,  but 
the  yellow  and  greenish  sandstones  still  range  through  that 
eoanty,  and  at  Kiltorcan,  near  Thomastown,  they  have  yielded  the 
assemblage  of  fossils  mentioned  on  p.  197,  and  seem  to  he  of 
freshwater  origin.  Still  farther  east  these  beds  are  overlapped 
by  the  limestones,  which  then  rest  directly  on  the  granite  of  Carlow, 
and  a  little  to  the  northward,  in  County  Dublin,  shales  of  the  calp 
&cies  overlap  the  limestones,  thus  giving  evidence  of  another 
■hore-tine. 

Southern  Oountiea'— When  the  Carboniferous  rocks  are 
traced  to  the  south-west  through  Cork  and  Kerry  a  still  greater 
and  much  more  sudden  change  takes  place  in  the  constitution  of 
the  system.  This  consists  in  the  introduction  of  what  appears  to 
be  a  distinct  group  of  shales  and  slates  between  the  Yellow 
Sandstone  and  the  Carboniferous  Limestone,  and  to  which  Bir  R. 
Griffith  gave  the  name  of  Carbonifrrou*  Slatt.  This  group  of  beds 
has  derived  special  importance  from  its  bearing  on  the  Devonian 
question,  and  the  whole  subject  is  so  associated  with  the  name  of 
Jakes,  that  it  would  be  idle  to  attempt  a  better  exposition  of  the 
interest  attaching  to  the  Carboniferous  Slate  than  is  contained  in 
Mr.  Jukes's  own  description  quoted  below.  ^^ 

"  If  we  draw  a  parallel  of  latitude  through  the  towns  of 
Eenmare,  Macroom,  and  Cork,  the  great  development  of  Carbon- 
iferons  Slate  lies  wholly  south  of  that  line.  If  we  examine  the 
neighbourhood  of  the  city  of  Cork  itself,  we  find  the  [Upper]  Old 
Bed  Sandstone  with  plants  jn  its  upper  beds,  and  a  very  short 
distance  above  that  we  get  solid  Carboniferous  limestone,  with  some 
block  shales  or  slates  between  the  two,  but  not  more  than  200  or 
300  feet  in  thickness.  PasBing  southwards  to  the  mouth  of  the 
harbour  of  Monkstowit  or  Queenstown,  and  then  by  Carrigaline 
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and  Coolmore,  these  mtermediate  black  slates  or  eh&Ies  thicken 
to  2000  or  3O00  feet,  still  having  the  Old  Bed  below  and  the 
Caiboniferoua  Limestone  above  ;  but  going  still  farther  south  by 
Ringabella  to  Kinsale,  the  dark  gray  slatea  &nd  gray  griu  thicken 
rapidly  to  5000  or  8000  feet,  and  are  nowhere  covered  by  any 
part  of  the  Carboniferoue  Limestone,  though  they  show  here  and 
there  highly  calcareous  bands. 

"The  whole  of  the  rodu  are  thrown  into  numerous  anticlinal 
and  synclinal  curves,  over  many  interrupted  axes,  which  strike 
very  steadily  from  E.N.E.  to  W.S.W. ;  and  the  headlands  and 
bays  along  the  south  coast  of  Cork  exliibit  numerouB  transverse 
sections  Bcroas  the  beds,  so  that  no  mistake  can  be  made  respecting 
the  facts." 

Fig.  77   is  B  copy   of  the    section   drawn   by   Mr.  Jukes  to 


Pig.  T7.— aECnOH  hub  aLEBaAurr  (jdiib>.    Dlitince  ibaut  1(  mllei. 

/I.  BtBCk  b]ii1«3  iritb  cmlCBrAOUi  bsti'lB  1  a„~, 

d.  BlnckmagmntalM  f       .       .       .       xmu 

tutu*         I  (.  CoomholA  ^U,  gre«Diih  gray  grltfl  wJth  black  and 

t         gny  Hlal«> ;  nuriiia  roaslls 3000 

(b.  areenfBh  gr»y  grita  with  grMn  ind  purple  ■laUs't 

GleiigarHr    J  and  owa^onal  oonnlonea      ■        ■        .       .       '         won 

GriM         J  o.  Glmpiriir  griU,  iiimsIvb  green  and  norpla  gritih  [       "*" 

(         witb  IhlnUndsnrpurplaBlata      ...      J 

illustrate  the  relative  position  of  the  beds  on  the  east  side  of 
OlengariSF  Harbour  at  the  head  of  Bantry  Bay,  where  the  grits  in 
the  CarboniferouB  Slate  have  a  conspicuous  development  and  are 
well  seen  in  the  banks  of  the  Coomhola  River,  whence  they  have 
been  called  the  Coomhola  Qrit«.  Here,  as  Mr.  Jukes  observes,  the 
boundary  between  the  two  sets  of  grits  can  only  be  determined  by 
notit^;  the  change  in  the  colour  of  the  slate  bands  which  are 
interbedded  with  them. 

Now  the  question  naturally  arises,  What  part  of  the  Carbon- 
iferous series  do  these  slates  and  grits  represent?  Although  they 
appear  to  fit  in  wedgewise  between  the  Yellow  Sandstone  and  the 
Carboniferous  Limestone,  yet  the  probability  is  that  they  corre- 
spond to  much  more  than  the  Lower  Limestone  Shale-  At 
Whiddy  Island,  at  the  head  of  Bantry  Bay,  there  are  black  shales 
containing  Poiuionomya  Becheri  and  F.  membranaeta,  the  character- 
istic species  of  the  shales  above  the  limestone,  and  it  is  therefore 
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highly  probable  that  the  Carboniferous  elate  is  contemporaaeouB 
with  the  whole  of  the  Carboaiferoua  limeBtone,  the  lower  and 
upper  parts  of  that  formation  paasing  laterally  into  shales,  Just  as 
its  middle  part  does  to  the  northward.  We  maj  therefore  regard 
the  Carboniferous  slal«  as  representing  the  whole  of  this  limestoue 
and  .its  underlying  shale,  i.«.  strata  amounting  to  a  thickness  of 
2600  feet  in  the  northern  part  of  Ireland ;  such  in  fact  was  Mr. 
Jukes's  opinion. 

There  remains,  however,  the  question  of  the  Coomhola  Beds. 
Are  they  truly  part  of  the  Carboniferous  series,  and  do  they 
graduate  downward  into  the  Glengarifl  Grits,  or  is  there  an  on- 
eunformity  between  the  two  1  Jokes  could  find  no  evidence  of 
unconformity,  and  thought  the  sequence  was  continuous  and  un- 
broken i  but  there  is  such  a,  great  break  between  the  two  systems 
in  the  Dingle  promontory  to  the  north,  where  the  Glengariff  grits 
are  overlain  unconformably  by  a  great  thickness  of  red  con- 
glomerates and  sandstoneB,  that  one  is  naturally  led  to  suspect 
the  reality  of  the  apparent  conformity  near  Kenmare  and  Glen- 
gariff. 

Professor  Hull  went  over  the  whole  district  in  1878-80,  and  his 
view  is  that  the  conglomerates  and  sandstones  thin  out  southward 
and  allow  the  higher  beds  to  rest  directly  on  the  QlengHrifT 
grits.^     This  has  been  explained  more  fully  on  p.  197. 

With  respect  to  the  foesils  of  the  Coomhola  Beds,  the  majority 
of  them  are  Carboniferous  species,  but  there  are  a  few  which  also 
occur  in  the  Upper  Devonian  of  North  Devon,  and  show  that  theee 
beda  occupy  a  low  horizon  in  the  Carboniferous  series.  These 
speciea  are  marked  with  an  asterisk  in  the  following  list,  but  the 
btnna  of  the  Marwood  and  Pilton  Beds,  as  recently  described  by  Rev. 
G.  F.  Whidbome,'^  seems  to  differ  considerably  as  a  whole  from 
that  of  the  Coomhola  Beds. 

LepidodeudroB  veUheimUnum.  Modiola  Macadami 

Athyris  ambigna.  Aviculopecten  areaosiis. 

'Lingola  sqiiamiformis.  'CucuUipb  Hardingi. 

'RhynchonelU  pleurodon.  'CDrtODotus  elegims. 

Spuifer  cuspidatua.  Nocnlana  attsnuata. 

„       striatDs.  Sansuinolitea  plicatns. 

'Orthotetes  crenislria.  'Bellerophon  subglobatus. 

Terebratnia  hastata.  Orthoceras  undulatus. 
'Avicula  damuoniensis. 

The  calcareous  bands  in  tlie  upper  black  slates  of  Beenydonagan 

yield  Phillipna  jnatulata,  Prodvctxie  eeabriculus,  Shynchonella 
pleuTodan,  Fenettella  arUiqua,  Chceleta  t-amidvs,  and  other  Carbon- 
iferous Linieetone  fossils. 
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Volcanic  I 


—In  Cornwall  and  Devon  the  lower  part  of  the 
CarboniferouB  aeries  containB  sheets  af  lava  and  volcanic  ash 
eimilar  to  those  which  occur  in  the  underlying  Devonian  series. 
These  have  not  yet  been  carefully  examined,  with  the  e^cception 
of  those  in  the  neighbourhood  of  the  hill  called  Brent  Tor, 
near  Tavistock.  This  well-known  hill  appears  to  be  a  portion 
of  a  volcanic  cone,  though  the  actual  crater  and  the  greater  part 
of  the  cone  have  been  demoliabed  by  repeated  detrition  and 
erosion.  The  present  hill  is  about  1100  feet  high,  and  consiete  of 
masses  of  devitrified  rhyolite  and  pitchstone,  with  some  basalts 
and  beds  of  volcanic  breccia,  the  two  first  being  evidently  parts  of 
ancient  lava-flows.^  In  the  country  surrounding  the  Tor,  beds 
of  shaly  volcanic  ash  are  interbedded  with  the  Culm-measures ; 
these  were  probably  ejected  from  the  volcano  of  the  Tor,  which 
must  have  been  either  a  subniarine  vent  or  a  volcanic  island. 

In  South  Staffordshire  the  Coal-measures  are  penetrated  by 
many  intrusive  dykea  and  eheeta,  some  of  which  form  considerable 
surface  areas  ;  these  intrusions  are  considered  by  Mr.  Jukes  to  have 
taken  place  during  the  deposition  of  the  tipper  Coal-measures,  for 
he  found  ashy  sandstones,  i.e.  sandstones  partly  formed  of  volcanic 
ejectamenta,  at  several  horizons  from  400  to  900  feet  above  the 
"  thick  coal "  ;  moreover,  the  sheets  and  dykes  are  diaplaced  by  the 
faults  that  traverse  the  Coal-measurea. 

In  North  StaRbrdshire  (Congleton  Edge)  a  band  of  tuff  and 
agglomerate  is  interbedded  with  the  highest  portion  of  the  Carbon- 
iferous Limestone  =*  (see  Fig,  87,  p.  260). 

In  Derbyshire  several  interbedded  sheets  of  trap  occur  in  the 
Carboniferous  Limestone,  and  are  locally  known  as  toadtttmOf 
probably  from  their  spotted  appearance.  They  consist  of  dolerite, 
which  is  sometimes  dark  and  compact,  but  more  often  greenish, 
earthy,  and  amygdaloidal ;  they  average  50  or  60  feet  in  thickness, 
and  have  been  traced  for  many  miles ;  they  are  sometimes  associated 
with  beds  of  green  and  purple  ash  or  tuff.  These  lavas  appear  to 
have  flowed  from  more  than  one  volcanic  vent,  as  they  sometimea 
thicken  in  opposite  directions. 

Beds  of  greenish  tuff  and  coarse  ash  occur  in  the  black  lime- 
stone group  of  the  Isle  of  Man,  and  the  centre  of  eruption  appears 
to  have  been  at  the  Stack  of  Scarlet,  where  there  are  several 
volcanic  vents  filled  with  masses  of  a^lomerate,  one  having  a 
central  plug  of  diabasic  lavs. 

Sootland. — The  lower  part  of  the  Carboniferous  system  in 
Scotland  is  full  of  such  striking  instances  of  volcanic  activity  that 
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it  becomea  an  excellent  diatiict  for  the  study  of  such  phenomena. 
The  moat  perHiat«nt  zone  of  volcanic  rocks  is  that  which  succeeds 
the  Ballagan  Beds  ;  " great  sheets  of  poiphyrites,  with  interbedded 
tuf^  aandstoDes,  and  congloioerates,  rise  in  brond  oiaSEes,  bed  above 
bed,  and  form  that  conspicuous  chain  of  tenaced  heights  which 
stretches  from  near  Stirling,  throagh  the  range  of  the  Campsie, 
Kilpatrick,  and  Renfrewshire  hills,  to  the  banks  of  the  Irvine  in 
Ayrshire,  and  thence  .westwards  by  the  Ciimbnte  Islands  and  Bute 
to  the  south  of  Arran  "  (A.  Qeikic). 

The  Edinburgh  district  includes  the  volcanic  centres  of  Arthur's 
Seat  and  Craiglockhart  Hill. 

In  the  succeeding  phases  of  the  Oil  Shale  and  Limestone  groups 
(aee  p.  230)  volcanic  ouCbut-ets  occurred  both  in  the  western  and 
eastern  districca.  Fife  and  the  Lothitms  seem  to  have  been  dotted 
over  with  many  small  volcanoes,  which,  either  singly  or  in  groups, 
ejected  lavas  and  ashes  for  a  time  and  then  became  inactive,  allow- 
ing other  similar  vents  to  form  and  take  up  the  rSle  of  action,  so 
that  the  district  must  at  the  time  have  prewnted  an  appearance  like 
that  of  Aovergne ;  and  now  the  Carboniferous  rocks  are  inter- 
mingled with  innumerable  small  sheets  of  basalt  and  tuff,  and  are 
pierced  by  intrusive  dykes  and  necks  filled  with  volcanic  ash  or 
basalt,  but  there  are  nowhere  such  extensive  and  massive  aheela  of 
lava  as  occur  in  the  underlying  and  older  groups. 

Many  of  the  venU  from  which  these  tuffs  and  lavas  were  ejected 
can  still  be  indicated,  and  Sir  A.  Geikie  has  distinguished  six 
different  volcanic  dist^cts  in  the  basin  of  the  Forth,  viz.  (1) 
Haddii^ton,  (2)  Edinburgh,  (3)  Linlithgow,  (4)  Stirling,  (5)  West 
Fife,  (6)  East  Fife. 

In  the  Haddington  district  many  old  vents  occur,  some  iilled 
with  tuff  and  ^glomerate,  others  with  lava ;  the  Bass  Rock,  North 
Berwick  Law,  and  Trapraiu  Law  are  instances.  The  oldest  lavas 
are  augitic  (dolerites,  etc),  the  newer  are  variously  coloured  por- 
phyritea  ;  interstratifled  tuffs  and  agglomerates  are  frequent 

In  Linlithgow  there  are  many  hali-deatroyed  volcanic  cones,  and 
the  Binns  Hill  is  a  neck  or  stump  composed  mainly  of  fine  green 
tuff.  In  West  Fife  there  are  two  groups  of  volcanic  vents,  one 
forming  the  Saline  and  Cleiah  Hills,  the  other  near  Burntisland. 
Largo  Law  is  a  very  perfect  example  of  a  double  cone,  each 
composed  of  tuff  with  central  pipes  filled  with  basalt.  Saline  Hill 
has  a  similar  structure,  the  whole  mass  resting  on  beds  belonging 
to  the  Edge  coal  group,  and  the  outer  tuffa  of  the  cone  dovetailing 
into  higher  strata. 

In  Stirlingshire  some  interesting  necks  occur,  those  of  the  Fintrj 
Hilla  having  central  hollows  suggestive   of  the  original    craters. 
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Near  Kilsyth  the  int«rstratified  volcanic  material  ie  1000 
feet  thick,  but  this  thins  awaj  north-eastward,  and  diaappeara  near 
Stirling  in  a  distance  of  13  miles. 

It  is,  however,  in  the  weat  of  Scotland  that  the  largest  vent  or 
connected  group  of  vents  is  found ;  this  lies  among  the  uplands  of 
Misty  Law  in  the  heart  of  lUnfrewshire,  "  where  a  connected  mass 
of  taS  and  a^lomerate  now  occupies  a  space  of  about  4  miles  in 
length  by  2J  miles  in  breadth,"  **  Prom  this  centre  great  sheets 
of  andesitic  lava  extend  in  several  directions  for  distances  of  8 
lo  10  miles,  and  their  maximum  thickness  round  Mist;  Law  is  at 
least  1600  feet  (see  Fig.  78,  p.  233). 

Ireland. ^County  Limerick  was  the  scene  of  powerful  volcanic 
disturbances  during  the  accumulation  of  the  Carboniferous  lime- 
stone, some  enoruiouB  masses  of  felstone,  tuff,  and  conglomerato 
being  included  in  the  limestone,  ejected  probably  from  submarine 
vents  which  may  sometimes  have  formed  temporary  volcanic 
islands.  An  account  of  these  rocks  has  been  given  in  another^ 
book,  but  it  may  here  be  mentioned  that  Professor  Hull  dis- 
tinguishes two  epochs  of  eruption  in  the  Limerick  area,  the  first 
witnessing  the  extrusion  of  felspathic  lavas  and  aebee,  while  the 
second,  which  occurred  after  a  considerable  int«rval,  gave  birth  to 
flows  of  basaltic  lava. 

B.   The  Uppeb  CARBONirBBOUs  Ssries 
Suhdwisiont. — ^Thia  great  series  may  be  divided  into  five  groups 
or  stages,  which  are  given  below  in  descending  order,  with  their 
average  thicknesses  : — 

?9JFre»hw«t«r. 


Middle  Coat- 
Lower  Coal- 
Uillstone  Grit   . 
Pendleside  group 

Of  these  the  Millstone  Qrit  is  quite  the  most  variable  member, 
for  while  it  is  about  4000  feet  thick  in  Lancashire  it  thins  away 
northward,  and  becomes  quite  a  subordinate  member  of  the  series 
in  Northumberland  and  in  Scotland,  so  much  so,  in  fact,  that  it  is 
difficult  to  say  which  beds  are  really  the  equivalent  of  the  Uillstone 
Qrit  Moreover,  the  very  name  is  misleading,  for  though  in  the 
south  of  England  and  Wales  the  group  consista  almost  entirely  of 
Sandstones,  in  the  north  it  consials  of  several  thick  sandstone* 
divided  by  thick  masses  of  shale,  and  includes  some  coal-seams. 

The  whole  series  indeed  is  made  up  of  repeated  alternations  of 
eandatonea  and  shales,  with  occasional  beds  of  coal,  each  band  of 
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sandstone  and  ahale  varying  greatlj'  in  thickness  and  forming  a 
lenticular  mass  of  greater  or  leas  extent.  The  sandstones  are 
thickest  and  coarsest  in  the  lowest  stage,  while  shales  and  marls 
prevail  in  the  higher  Coal-measures. 

The  average  thickness  of  the  series  where  it  is  complet«  Inaj  he 
pnt  at  from  7000  to  8000  feet,  hut  in  some  districts  it  swells  out 
to  11,000  feet,  while  in  the  Midland  counties  the  lower  Stages  thiu 
out,  and  the  other  stages  succeaeivelj  overlap  one  another  on  to 
older  rocks. 

Just  as  the  Lower  Csrhoniferous  series  is  in  most  places  brought 
to  the  surface  along  tracts  of  anticlinal  9exure,  bo  the  upper  series 
is  generally  found  in  synclinal  troughs  or  basins,  the  highest 
portion  of  the  aeries  usually  Ijing  in  the  central  parts  of  such 
basins.  All  areas  where  workable  coals  exist  are  called  coal-jUldi, 
and  the  following  is  a  list  of  the  productive  coal-fields  of  Great 
Britain. 

1.  Coal-fieUs  of  England  and  fFalet 

1.  South  Wales  (l»ge].  12.  South   Lancashire  and  Burnley 

2.  Bristol  snd  Somerset.  (large). 

3.  Forest  of  Dean  (small].  13.  North  LancssMre  (small). 
t.  Forest  of  Wyra  (small).  14.  Cumberland  (WhitehsTen). 

5.  Shrewsbury  (small).  IG.  Durham    and    Northumberland 

6.  Coalbrook  Dale.  (Isrse). 

7.  Denbigh  and  Flint.  16.  YorksSire,    Derby,     and    Notts 
S.  Anglesey  (small).  (large). 

9.  South  Statfordabira.  17.  LeicesterBbira  (small). 

10.  North  Staffordshire  (large).       18.  Warwick abire. 

11.  Cheshire  (or  Park  Gate),  small 

2.  Coai-fieldi  of  ScotUmd 

Six  separate  coal-lields  may  be  dietinguished  in  the  great  hand 
of  CacboniforouB  rocks  which  occupies  the  central  lowlands  of 
Scotland,  but  it  roust  be  remembered  that  in  this  country  the  best 
coal-seams  occur  in  the  Lower  Carboniferous  series.  The  equivalents 
of  the  upper  series  only  occur  in  the  three  to  which  a  star  is  affixed. 

1.  Lanark  and  the  Clyde  Basin*,     i.  Leamabagow. 

2.  Midlotbiau  *.  G.   Fifeshire. 

S.  Ayrshire*.  6.  Clackmannan. 

3.  Coai-Jieldi  of  Ireland 

1.  MuDster   ooal  •  field     (Clare,     4.  Leitrim  (small). 

Limerick,  and  Cork).  5.  Tyrone. 

2.  Tioperary  coal-field  (small).       S.  Antrim  (Lotrer  Carboniferous). 


.   Leinster  coal-field. 
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Some  of  the  English  coal-fielda  are  only  partially  exposed, 
large  portionH  of  them  being  covered  by  never  rocks,  bo  that 
the  outer  limita  of  some  are  not  known.  Othere  are  almoet 
certainly  connected  beneath  these  newer  rocka  ;  thus  the  Midland 
coal-fieldB  are  probably  only  the  exposed  portions  of  one  large 
coal-field,  including  North  Staffordehire,  which  again  haa  doubtlesB 
a  aubteminean  connection  with  that  of  Denbigh,  while  that  of  Flint 
is  united  to  that  of  South  Lancaahire  beneath  the  plains  of 
Clieshire  (see  Fig.  86,  p.  S59).  There  are  also  some  coal-fields 
which  are  entirely  concealed,  as  that  recently  discovered  below  Kent 
and  that  of  Witney  in  Oxfordshire. 

Life  of  ths  Epoch 
The  fauna  and  flora  of  the  Upper  Corboniferoua  aeries  are  mainly 
of  terrestrial  and  freshwater  character,  became  the  whole  series  was 
accumulated  in  close  proximity  to  land  ;  but  during  the  forniation 
«f  the  Millahine  Grit  and  Lower  Coal-measures  marine  conditions 
were  still  prevalent,  and  conaequently  these  groups  include  many 
beds  in  which  marine  fosaila  occur,  hut  moat  of  the  species  recur  at 
successive  horizons,  and  no  zones  have  been  established.  Little  has 
yet  been  done  in  Britain  towards  separating  the  floras  of  the  succes- 
sive stages,  so  that  it  is  at  present  uncertain  how  far  the  different 
measures  can  be  distinguished  by  ttieir  fossil  plants.  Mr.  Kidston, 
however,  has  shown  that  the  floras  of  the  Lower,  Middle,  and 
Upper  Coal-measurea  are  distinguishable  from  one  another,  and 
in  France  a  succession  of  plant-zonea  has  been  described  by  M. 
Grand'  Eury. 

1.    The  Flora 

1,  Mlioes  {Ferru). — Fern-leaves  abound  in  almost  every  coal- 
seam  and  its  associated  measures,  the  coal-roof  being  sometimes 
completely  covered  with  the  impressions  of  beautiful  fronds.  It  is 
difficult  to  say  how  many  of  the  fronds  belonged  to  atemless  ferns,  or 
whether  the  minority  are  not  the  iallen  leaves  of  arboiescent  ferns 
resembling  the  tree-l'erna  of  the  tropics.  Stems  of  such  tree-ferns 
have  been  found  resembling  some  recent  forma  in  the  size  and  dis- 
position of  the  scars  left  by  the  detachment  of  the  frond  stalks. 
Fronds  bearing  fructification  are  occasionally  found,  but  most  of  the 
present  genera  are  diatinguiahed  only  by  the  nervation  and  form  of 
the  pinnules  (or  leaflets) — characters  which  are  sufficient  for  the 
distinction  of  species,  but  are  not  trustworthy  guides  in  the  group- 
ing of  species  into  genera. 

Among  the  genera  which  have  been  founded  on  the  barreo 
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1,  Spheiiopt«r1>  Itnnrin.  i.  OdontopMrii  Schlotbefml. 

i.  HpluDDptTlK  Binnln.  4.  NeuropUria  acumiiwu. 

i.  QHutdUa  (restored  *nd  )t1i  uf  nstural  iitie). 
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fronds,  the  following  are  some  of  the  most  abundant :  AlethopterU 
(Fig.  79,  6),  NeuTOpierU  (Fig.  78),  PaltBopterU,  PecopUrit,  Odonlopteru 
{Fig.  78),  Spkenopterii  (Fig.  78),  SagenopterU,  CychpterU. 

3.  Bqulaetaoese. — Galamita  were  gigantic  Fquiseta  or  hone- 
taila,  and  consisted  of  a  large  central  column  of  eoft  tissue  encased 
in  a  cylinder  of  woody  tissue.  The  central  part  has  generally 
perished  and  disappeared,  and  the  cavity  thus  left  has  been  filled 


h.  AlethopU'da  lunchitica.  <l.  Lspiiloiljniiniii  StenibeTgl. 

irith    laineral    matter,    forming    the   casts   which    are    such 
n  Carboniferous  fossils.     The  outer  ligneous  envelope,  being 
carbonised  and  friable,  is  seldom  preserved  in  a  perfect  state. 

The  name  CaiamiUa  is  at  present  restricted  to  these  jointed 
stems,  while  other  names,  AricraphyUiU',  Annalaria,  and  Spheno- 
pkyllam,  are  given  to  different  varieties  of  foliage,  which  are  believe<l 
to  belong  to  Cahimilet.  The  fruit  is  a  scaly  spike  (Volkvumma),  in 
which  sporangia  are  arranged  like  those  of  Equiaetum. 
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Calamodeiidra  are  casta  of  the  central  cavity  or  pith  of  plants 
resembling  Calamitcfl,  but  having  a  thick  wooily  outer  coating  or 
bark.  Ccdainodriidron  thus  appears  to  have  been  a  highly  developed 
Equieetnm,  and  maj  have  been  a  connecting  link  between  Acri^ens 
and  OymnoBperme. 

3.  LyoopodlaoesB.  — Lepidodendra  were  g^antic  raemberB  of 


the  Lycopodiacete,  or  Clnb-mo»a  family,  having  tninks  many  feet  in 
giith,  and  40  to  60  feet  in  he^ht.  The  trunke  branch  toward  the 
top  into  several  limbs,  which  divide  again  into  smaller  boughe. 
The  foliage  consiats  of  simple  linear  leaves,  which  are  sometimes 
found  attached  to  the  terminal  branches  (Fig.  80),  and  the  angular 
Bears  on  the  stem  are  the  marks  left  by  the  detachment  of  these 
leaves.      VlodendTon,  Knorria,  and  Hahnia  are  allied  genera. 

The  scaly  cylindrical  bodies  which  are  known  as  Lepidoslrobi  are 
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the  coneB  which  contain  the  Gporaugin  or  seed-caseB  of  the  Lepido- 
dendra,  and  were  borne  at  the  extremities  of  aome  of  the  branches. 

Sujillaria. — These  appear  to  liave  been  the  commonest  trees  in 
the  swampy  portions  of  the  Carboniferous  foreete,  and  have  evidently 
supplied  the  chief  mass  of  the  material  which  fomis  our  coal-seama, 
while  their  roots  (Sdjnwrwp)  ramify  in  the  nnder-clays  beneath. 
They  were  tall  trees,  branching  at  the  top,  and  rivalling  the  Lepi- 
dodendra  in  height,  with  a  bare  trunk  flut«d  longitudinally,  and 
regularly  ornamented  by  the  pits  or  scars  left  at  the  points  where 
the  leafstalks  were  attached.  These  leaves  were  long  and  narrow, 
and  were  first  described  under  the  name  of  CyptriUt.  The  fruit 
consists  of  small  sporangia  borne  at  the  basis  of  slightly  modified 
leaves ;  SigiUaria  was  therefore  a  Lycopod,  and  allied  to  Lepido- 
dtndron.  The  roots  {Stigmaria)  were  long,  branching,  and  tapering, 
with  numerous  radicles  spreading  out  in  all  directions  ;  such  roots 
have  been  found  which  were  upwards  of  20  feet  in  length. 
Perhaps,  like  those  of  the  modern  mangrove- tree,  these  roots  were 
partly  aerial,  rising  well  above  the  low-water  mark  of  the  swamp, 
and  uniting  in  a  dome-shaped  manner  to  support  the  trunk. 

4.  CSonifbTEB. — The  stems  of  true  Conifene  {Piniiet,  Dadoxy- 
lon,  and  AraucarioryUm)  have  also  been  met  with,  especially  in  the 
volcanic  tuffs  of  the  Scotch  Carboniferous  series.  The  lower  slopes 
of  the  old  volcanoes  were  doubtless  clotbeil  with  these  pine-trees, 
their  habitat  being  in  such  high  and  dry  localities,  and  not  in  the 
swampy  ground  where  the  other  plants  flourished.  The  fruits 
called  Trigonoearpott,  of  which  there  are  many  forms  abounding  in 
the  Coal-measures,  are  now  supposed  to  have  belonged  to  conifers 
of  the  yew  tribe, 

CordaUM  was  a  remarkable  plant  placed  by  most  botanists  with 
the  cycads,  but  by  some  with  the  conifers.  The  stem  grew  to  a 
height  of  20  or  30  feet,  and  carried  a  number  of  long  sword-shaped 
leaves  with  parallel  venation,  something  like  those  of  a  yucca. 
The  leaves  were  attached  by  broad  baaes,  and  left  large  leaf-scars  on 
the  stem  when  they  fell  off.  The  tree  bore  bunches  or  sjjikes  of 
fruit  {Antholitts),  with  berries  somewhat  resembling  those  of  a  yew, 
but  more  heart-shaped,  and  these  are  known  as  Gardiocarpvm. 
Both  leaves  and  fruit  are  very  abundant  in  some  of  the  Ooal- 


M,  Grand'  Eury  has  divided  the  Upper  Carboniferous  aeries  of 
Central  France  into  sii  zones,  which,  however,  seem  to  be  charac- 
terised rather  by  the  relative  abundance  of  certain  genera  than  by 
the  limitation  of  species.  The  following  is  an  abridgment  of  the 
characters  given  by  him  : — 

1,  Infra  CoaUmeaiure  Flora  (  =  Millstone  Grit). — Characterised 
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by  abundance  of  Lepidodendra  and  Stigmaria.  Ferns 
abundant,  Sphawpttrii  being  the  prevalent  genus.  Cala- 
miiet  not  relatively  abundant,  and  Sigillaria  rare. 

2.  Middle  Coal-T/ieaiurct,   Zone  a. — SigillariaB   very  numerous  ; 

Calamitea  also  abundant,  and  Lepidodendra  equally  so.  Of 
ferns  Sphenopterit  and  SfevropUri*  are  abundant  with 
CychpUris  obliqua  and  AUthopteris  lonchilica. 

3.  Middle  Coal-mtam,Tea,   Zme   h.  —  Sigillarias   more   abundant 

than  the  Lepidodendroida,  and  showing  a  large  number  of 
species ;  Calamitea  are  numerous,  and  Sphenophyllum 
especially  so.  Ferns  more  varied,  Sphenopterii  being 
associated  with  mnny  other  (genera. 

4.  Middle  Qoat-meamiTe/,  Zone  c. — Calainites  and  their  folit^  very 

numerous,  especially  AnntUaria  and  AeterophyUite».  Sigil- 
iaria  and  SHffmaria  common.  Ferns  as  in  zone  below. 
Gordaitu  b^na  to  be  numerous. 

5.  Upper  Coal-measures,  Zone  a. — Calamites  and  their  foliage  still 

very  abundant  both  in  species  and  individuals.  Lepido- 
dendra few,  but  Sigillarias  are  not  uncommon.  SpAenop- 
teris  rare,  hut  NtuTopteris.,  Odontopteris,  and  PecopUris  are 
common.  Gordaitss  reaches  it«  maximum  in  point  of 
abundance. 
G.  Upper  CoaPmeatuxm,  Zone  b. — Calamity  abundant  Cordaita 
still  prevalent,  and  ferns  are  in  great  profusion,  particularly 
species  of  Ptcopteris  (P.  Sehlolheimi,  uitiia,  arguta,  etc), 
Odontopterit  (xenopteroide$  and  mixoTieura),  Cauiopterii  macro- 
ditev4,  AlethopUrig  Grandini,  and  GaUipteridiwn,  ovalnm,  C. 
gigat,  etc     Conifers  are  represented  by  Walckia  piniformi*. 

S.  The  Land  and  Frahinater  Fauna 
MoUuBOOi — IntheCoal-mcaaure  shales,  and  associated  with  many 
of  the  plants  above-mentioned,  shells  somewhat  resembling  the 
recent  TJnio  are  frequently  found.  They  have  been  referred  chiefly 
to  three  genera,  Carbonieola  (  =  AtahTOCoeia),  ATtthraannya,  and 
NaiaditeK,  and  their  affinities  have  recently  been  studied  by  Br.  W. 
Hind,  who  refers  the  first  two  genera  to  the  JJnionidre  and  the 
third  to  the  Mytilidre,  but  believes  that  all  of  them  were  fresh- 
water forms.  He  remarks  that  their  occasional  or  rare  sssociation 
with  marine  shells  is  no  proof  that  they  were  capable  of  living  in 
salt  water,  for  their  shells  may  have  been  carried  down  by  riven 
into  bays  and  estuaries. 

Artbropoda. — True  Insects,  Myriapods  and  Arachnids,  have 
also  been  found  in  the  Coal-measures,  including  crickets,  beetles. 


.V  Google 


250  STRATIGRAPHICAL  GEOLOGY 

and  a  scorpion.  Crustacea  abo  inbabited  the  watera,  the  atnall 
Ostracoda^ — Bairdia,  Leperditta,  and  Bofrichia,  and  the  Phyllopod 
Estheria — Bwarming  in  some  localitiea.  Several  species  of  Xipbo- 
Bura  allied  to  tbe  modern  Limului  (king-crab)  have  been  described 
by  Dr.  H.  Woodward,  and  referred  to  the  genera  Pratttnidiia  and 
BfUnurut.  There  were  also  a  few  Earypt«ride,  this  being  their 
last  appearance  in  England. 

Fishes. — Fiah  remains,  of  CroBBOpterygian  and  Elaamobraneb 
geneia,  ate  everywhere  abundant,  but  it  is  difficult  to  separate 
entirely  the  freshwater  forms  from  the  marine,  because  some  (like 
the  MoIluBca)  seem  to  have  been  equally  at  home  in  salt  ajid  brackish 
water ;  some  of  them,  like  the  modem  sahnon,  may  have  lived 
in  the  sea  at  certain  seasons,  asd  in  the  estuariea  and  rivers  during 
other  parts  of  the  year.  Tbe  following  genera  are,  however,  meet 
frequently  associated  with  the  Coal-measure  plants : — C(tlaeant}tut, 
ChriToAua,  CtenaeaTdhug,  Gteitoptydiius,  Gyracatiihut,  MegaiidUhyi, 
PlaiyttfmiLs,  Plearacantii'm,  Bhv^ue,  Shieodopti*,  and  Strepmdv^ 

Ampbibla. — Thirteen  genera  of  Labyrinthodonts  are  recorded 
from  British  Carboniferone  rocks,  ATtthTacomurut,  Loxomma,  Ophi- 
der2>tt<m,  [/r(M(»-dif2iui,etc.,mostlyfrDinthe  Jarrow coal-field  in  Leinster, 
Ireland.  Others  {Archegoiaurut)  occur  in  Prussia  and  (Baphelet, 
BrndrcTpeion)  in  Nova  Scotia.  Footprints  have  alao  been  obaerved 
in  the  Forest  of  Dean  coal-field  and  in  tbe  Limestone  series  of 
Dalkeith,  Scotland.  The  larger  of  these  Amphibians  is  believed 
to  have  measured  seven  or  eight  feet  in  length,  but  others  were 
very  small ;  they  were  probably  fluviatile  creatures  preying  on  the 
fiab  and  Crustacea  which  swarmed  in  the  swamps  and  lagoons  of 
the  period. 

3.  The  Marine  Fawut 

Although  the  Millstone  Grit  and  tbe  Lower  Coal-meaeures  appear 
to  be  mainly  marine  deposits,  yet  marine  fossils  only  occur  at 
certain  horizons,  and  the  fauna  is  not  a  large  one.  Some  of  the 
species  which  have  been  found  in  these  stages  and  at  two 
horizons  in  the  Middle  Coai-measures  of  Staffordshire  are  tabulated 
on  p.  S&I,  and  tbe  first  colnmn  shows  how  many  range  up  from 
the  Lower  Carbonifeions  series. 


Local  SrRATiaaaPHT 
In   dealing  with   the  Upper  Carboniferous  series  it  will  be 
°  Dr.  Trsqiiair  coniiders  that  the  genera  PalaxmUaa,  AmUypterut,  sod 
Pygaplerut  ore  Permian  forms  anl;,  and  that  the  Carbanifaroa*  fish  described 
under  these  names  belong  to  other  genera. 
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Acanthodes  Wardl,  Eg.    . 
ElonlebthyH  Altkani,  Traq. 
Acrolepi*  HopkinBl,  iCCoy 
Ekiniatitea  (QaaUiooeras)  urbonuius,  v. 
,,  ,,  Liiteii,  Miuti» 

,,  (Gl^hiocerSK)  blliugau,  Sailer 

,,  ,,  diiLdema,  Bqp-.  . 

„  „  Tsticolatiu,  PhO. 

I         II  II  Bpinlia,  PhU. 

'  Cxlonautiliis  f&lc&tns,  Sow. 

Pleurotumtilns  qnadratui,  Flem. 
I  ItoiDocheiliu  carbonariui,  Fmrrd 
I  „  coQCavns,  Soa.     . 

Ephippiocena  clitellAriam,  Sow. 
Orthooeraa  SUioluHiari,  PkH  . 
tnbercnUtoB,  Flem. 
monillfen,  PhU. 
I  MacrochcUas  michotiauiu,  de  Kim.  . 
I  Belleiophon  hiulcoi,  Sma. 
„  Urei,  Hem.   . 

Alloriuna  nilcata,  Flan.  . 
NucoU  seqatJIa,  Sow. 
\       ,,      gibboss,  Flem. 
I  Nuculana  BtiUs,  M'Oay     . 
Ctenodonti  alnoosa,  de  Ryck.    . 
Myftlina  Flemingi,  ArCog 
„       Verneuilli,  U'Coy 
PruCoichizodui  orbicularis,  M'Coy 
I  Schiiodus  uiliquus,  Jlind 

,,         ctLrbanuius,  Sote. 
,  Pmldoniella  IktU,  Brmim 
I  ,,  minor,  Brown 

I  „  leniunliata.  Hind 

'  Pcaii1oiiom;s  Becheri,  Brmm   . 
Actinopteria  persulcatas,  M'Coy 
ATicnlop»«UD  Qbtilloaiu,  Salla- 
,,  papyncaui,  Ool4f. 

„  Bcolarb,  .Siw. 

Prodnctas  umireticulatua,  Marlia 

„  icabricolos,  Martin  . 

Cbonetei  lagueuUna,  (U  Eon.  . 
Spirifer  bianlcatni,  Sow.   . 
„       glaber,  Martin 
„       Urei,  Flem. , 
OrUcnloidea  (  =  Discina)  nittda,  f'li  i 
^^^"g^ll^^  mytiloides,  Soie.  . 
,,       cqnaoiiforrata.  Phil. 
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convenient  to  de»cril>e  iu  local  development  in  different  districts 
under  the  following  heada  : — 

1.  Bristol  and  South  Wales.  6,  Derbyshice  and  Yorkshire. 

2,  DeTonshiro.  B,  Durham  and  Northuiuberland. 
S.  Midland  area.  T.  Scotland. 

,1.  Cheshire  and  LsDcashire.  8.  North  of  Ireland. 

9.  Soatli  of  Ireland. 

1.  BriHol  and  South  lfaU» 

JMillatone  Grit.— This  diviHion  consiBta  of  fine-grained  quartz- 
itic  aandstones  of  a  yellowish  colour  with  iran-atained  spots.  It 
surrounds  the  Bristol  and  Somerset  coal-lield,  where  its  thickness 
is  probahly  about  600  feet,"  but  is  in  moat  places  hidden  by  the 
Triassic  beds,  only  coming  to  the  surface  at  a  few  places,  as  near 
Bristol  and  near  Chipping  Sodbury.  To  the  west  of  the  Severn 
these  sandstones  are  very  much  thinner.  In  the  Forest  of  Dean 
they  are  sUted  to  be  470  feet  thick,  the  lower,  100  feet  only, 
beinc  finegrained,  and  the  rest  of  coarse  grain.  In  South  Wales 
the  group  is  described  by  Mr.  Strahan  aa  consisting  of  three 
members  which  vary  much  in  thickness ;  the  lowest  beds  are 
pebbly  grits,  which  are  thickest  along  the  northern  outcrop,  but 
do  not  exceed  80  feet,  thinning  away  to  the  south-east ;  in  the 
centre  are  shales  from  100  to  300  feet,  and  at  the  top  massive 
sandstones,  which  are  called  "Farewell  Rock"  by  the  rainetB, 
because  no  workable  seams  of  coal  lie  below  it.  This  rock  varies 
from  40  to  80  feet,  and  the  whole  gronp  is  on  the  average  about 
250  feet**  (see  Fig.  82). 

Lower  Ooal-Measures. — Thia  division  is  mainly  argillBceons, 
consisting  principally  of  shales  with  many  seams  of  coal,  and  many 
of  the  shale  bauds  contain  ironstone  nodules,  so  that  these 
measures  are  rich  in  coal  and  iron.  In  the  Bristol  field  the 
thickness  is  about  2000  feet,  and  it  includes  several  thick  beds 
of  sandstone.  In  the  central  part  of  the  area  (east  of  Bristol)  there 
are  thirty-six  coal-seams,  but  many  of  these  are  thin  and  disappear 
both  to  the  north  nnd  south.  In  the  Forest  of  Dean  the  equivalent 
beds  are  about  1900  feet  thick,  with  fifteen  seams  of  coal. 

In  the  South  Wales  coal-field  the  lower  Coal-measures  vary 
much  in  thickness,  from  about  850  feet  near  Pontypool  to  1600 
in  the  Taff  valley  ;  at  the  latter  locality  there  are  twenty-two 
seams  of  coal.  There  are  also  many  bands  of  ironstone  nodules 
(cai'bonate  of  iron)  which  were  fonnerly  worked,  but  this  industry 
is  not  active  at  the  present  time. 

"  AccorJiDg  to  Profoanor.  Lloyd  Morgan  of  Briltol,  who  t«lU  tiie  that  tin 
tliicknesB  has  been  over-estimatvd. 
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Pennant  Orit.— Thia  is  a  aandatone  group,  tlie  prevalent 
material  being  a  hard,  gray,  gritty,  felspathic  Baitdatone,  which 
makes  a  durable  building  stone  and  lies  in  thick  beds,  so  that  it 
can  be  cut  a«  a.  freestone.  In  the  Bristol  coal-field  it  is  from  1000 
to  I  TOO  feet  thick,  and  includea  four  workable  Beams  of  coal.  In 
the  Forest  of  Dean  there  are  830  feet  of  aandatones  with  thin 
coals,  which  probably  represent  the  Pennant  grits. 

In  South  Wales  this  group  consists  of  massive  felspathic  grits 
with  some  subordinate  bonds  of  sbale,  and  it  forms  the  greater 
part  of  the  high  central  moorland  plateau,  which  is  known  as  the 
Mjnydd.  Near  Pontypool  on  the  east  it  is  only  about  800  feet 
thick,  and  the  coai-seams  are  thin,  but  to  the  west  of  Taff  Vale 
the  group  rapidly  tbickena  and  workable  coala  set  in,  so  that  neat 
Swansea  it  is  over  3000  feet  thick  and  contains  fifteen  seams 
of  coal. 

Upper  Ooal-Meaaures. — This  is  a  variable  series  of  gray 
shales,  light-coloured  sandstones,  and  coals.  It  is  locally  known  as 
the  Upper  Coal-measurea,  but  ia  probably  equivalent  to  the  upper 
part  of  the  Middle  Coal-measurea  of  more  northern  coal-fields. 

In  the  Bristol  coal-field  a  thickness  of  about  2000  feet  is  found, 
although  the  summit  ia  nowhere  seen  ;  it  is  divided  into  two  partt, 
the  lower  portion  or  Farrington  group  occurring  in  both  the 
northern  and  southern  basins,  the  upper  portion  or  Radstock  group 
only  coming  into  the  southern  or  Somerset  basin. 

In  South  Wales,  near  Swansea,  the  group  is  still  thicker,  and 
has  been  estimated  at  about  3000  feet  (Pellengare  aeries),  and  if 
the  Llanelly  coals  are  above  this,  the  total  will  be  nearer  4000  feet. 

All  the  coal-seams  in  South  Wales  undergo  a  change  of 
character  as  they  are  followed  from  east  to  west^  the  seams  which 
are  bituminous  house-coals  in  the  east  becoming  hard  steam-coals 
in  the  central  parts  of  the  basin  and  passing  westward  into  stone- 
coal  or  anthracite.  It  is  also  found  that  the  coala  of  the  npper 
more  bituminous  than  those  of  the  lower. 


2.  Demnuhire 
In  Devon  the  whole  Carboniferous  series  has  been  called  the 
"  Culm- measures,"  but  this  name  would  be  more  appropriately 
restricted  to  the  higher  portiona,  in  which  the  beds  of  "culm"  or 
hard  impure  coal  occur.  The  Lower  Culm-measures  were  described 
on  p.  216.  There  is  nothing  that  exactly  corresponds  to  the 
MiUatone  Orit,  but  it  is  possible  that  this  and  the  X/Ower  Coal- 
measures  of  Somerset  are  represented  in  the  Middle  Culm-measures 
of  Devon.     According    to    Mr.    Ussher"   this   middle   group  i» 
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characterised  by  the  occurrence  of  rather  hard  sandstones  of 
graj  lilac  and  brown  tints  in  beds  from  four  to  five  feet  thick, 
associated  with  marljr  shales  and  red  and  gray  mudstones ;  there 
are  also  occasional  beds  of  hard  coal  or  anthracite.  Ferns  and 
other  plants  occur,  but  few  other  foesils  have  been  found.  These 
beds  occupy  much  of  the  eastern  part  of  the  culm  area,  and  OQ 
the  north  they  extend  to  the  coast  between  Westward  Ho  and 
Portledge  Mouth,  while  on  the  southern  side  they  pass  by  Morchard 
and  Eatherleigh  to  the  coast  near  Bude.  In  consequence  of  the 
intense  plication  of  the  whole  area,  no  estimate  of  thickness  has 
yet  been  found  posaible. 

At  and  west  of  Exeter  they  present  rather  a  different  facies, 
the  grits  being  in  thinner  beds  and  alternating  r^ularly  with 
hard  splintery  shales,  but  the  sandstone  facies  comes  on  again  to 
the  southward  between  Chadleigh  and  Newton  Abbot,  where 
some  of  the  beds  are  conglomeratic  and  rest  with  apparent  uncon- 
formity on  the  cherty  beds.  In  one  of  these  conglomerates  rolled 
pebbles  of  chert  occur,  and  fragments  of  a  granite  which,  however, 
is  not  like  that  of  Dartmoor.  It  seems  probable  that  these 
sandstones  really  belong  to  a  higher  horizon  than  the  Exeter  beds, 
and  that  they  overlap  the  latter  southwards  so  as  to  rest  on  the 
Lower  Culm,  for  similar  beds  occur  abo  south  of  Newton  Abbot, 
and  outliers  of  them  are  found  near  Plymouth,  Saltasb,  and  Beer 
Alston,  resting  directly  on  Upper  Devonian  rocks.  Thus  there 
may  be  a  break  and  unconformity  between  the  Lower  and  Middle 
Culm-measures. 

The  Upper  Colm-measnrea  or  E^eaford  Grit«  are  exposed  on 
the  coast  near  Clovelly  and  near  Eggesford,  in  the  Torridge  valley. 
They  consist  of  hard,  fine-grained  grits  of  dark  gray  and  lilac 
colours  in  regular  beds,  with  occasional  layers  of  dark  gray  shale. 
Plant  remaiu  are  the  only  fossils. 

3.  Tht  Midland  Area 

In  the  central  part  of  England  the  Lower  Carboniferous  series  is 
either  very  thin  or  absent,  and  the  Coal-measnres  often  rest  directly 
on  the  older  rocks.  These  measures  come  to  the  surface  in  several 
districts  and  form  coal-fields,  which  pass  under  and  are  surrounded 
by  the  Permian  and  Triaaaic  rocks,  but  it  is  noteworthy  that  the 
greater  part  of  the  beds  which  were  formerly  regarded  as  Permian 
are  now  referred  to  the  Upper  Coal-nieasnres. 

The  area  will  be  r^arded  as  including  the  coal-fields  numbered 
4,  5,  6,  9,  17,  and  18  on  p.  243  ;  the  only  complete  Huccesaion  of 
the  Upper  Carboniferious  series  is  to  be  found  on  the  western  and 
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eastern  borders  of  the  area,  near  Coalbrookdale  in  Shropshire  on 

^  the  one  hand,  and  in  Leicestershire  on  the 

=     ■  ■  other.      Towards  tlie  centre,  and  every- 

g      <^  where  in  passing  from  north  to  south,  the 

■9     tf:  lower  stages  are  overlapped  fay  the  higher, 

i     ,  I  In  the  Coalbrookdale  coal  -  field  near 

I     ii  >  Wellington  and  Shifnall  the  succession  is 

6     g  ■  as  follows  : — 

kQ  Feet. 

'  5  fRsd  and  purple  land- 

d                           15  stones  and  marls .               about  800 

i                           "^  ■  ^      IT           Mottled    days    and 

1                           a^  i       o'V]     K"">*«h  grits,  with 

I                           t8  I       ''■"■         n   limestone   con- 

■J                               a  ^  "s                   I     carbonari-as  ,                                       440 

■g  g  3      Middle  Coal- measures,  with 

u  1.  £         coals  and  irooBtones,  nitli 

^  (  !i         "  band  containing  matitie 

*f  -B         fossils      ....                          600 

ko  ".      Lower  Coal-meaaiires,  if  pre- 

^  g  ={         sent          ...         not  more  than  100 

St  ^      Millstone  Grit,  thinning  out 

S  g  southward         ■                 ■         from  0  to    SO 

^                           I  e  About  2000 

^                   I    ^  ^  -^^  interesting  fact  connected  with  this 

J                           S  S  i      district   is   the   existence   of  a   break  and 

I                           I  ^  I      unconformity  between  the  Middle  and  the 

I  e  i  i     Upper  nieasures,  the  older  group  having 

e     *  5  "  S      ^e^n   flexured  and  eitensivelj-  eroded  be- 

%     "  5  ?  "      i*"^  the  deposition  of  the  upper  measure?, 

J    S  *  =  I     ^°  ^^^^  *^^  fornier  lie  in  a  broad  syncline, 

<  =  ^  "i;      while  the  latter  are  nearly  horizontal,  the 

u  X  i  ;e     basement  bed  of  this  upper  group  being  a 

SlJj'n  mottled     clay     known    as    "  calami  nker," 

V    t^'  overlain  by  a  bed  of  gravel  or  conglomer- 

g    g  ■  I  ate  called  the  Rough  Rock  (nee  Fig.  84)- 

j                           "%  .  As   the   lower    members   of   the   series 

3                           P  o  I  are  traced  southward  it  is  found  that  the 

e                           S'o  Mtlletone   Grit   gradually   thins    out   and 

»                    J     i  disappears,  so  that  in  Worcestershire  the 

J    °  Coal-measures  rest  directly  upon  the  Old 

"    ^  Red  Sandstone,  extending  southward  in  a 

»  narrow    tract    which    broadens    out    near- 

Bewdley,  Moreover,  these  measures  chiefly 

belong  to  the  upi«rmost  stage,  which  has  therefore  overlapped  all 
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those  below.  The  came  overlap  appears  to  take  place  both  in  a 
westerly  and  eeaterly  direction  from  Coalbrookdale ;  thus  near 
Shrewsbury  we  have  upper  CDal-measureB  only  resting  on  Silurian 
and  Cambrian  rocks,  while  eastward,  in  Suuth  Staffordshire,  the 
middle  group,  which  occurs  in  the  northern  part  of  that  coal-field, 
is  overlapped  southward  by  the  upper  group.  This  latter  is  very 
thick  in  Staffordshire,  and  the  succession  south  of  Dudley  is  as 


.  .          ington)  .  1300 

Upper-]  Gray  sandstones  and  marls  (Hslesowen)    .  .          800 

I^Red  marls  and  greenish  sandBtoues  .  .          800 

Middle  or  productive  Coal-m r^n  ...  nn^ 


contain  only  a  few  thin  coal-eearas, 


b.  Upper  Ct 

but  there  is  a  Spirorbis  limestone  near  the  top  of  the  Halesowen 
group.  The  sandstones  of  the  productive  meaaores  are  always  gray 
or  white,  and  these  beds  contain  many  good  coal-seams,  including 
the  "  thick  coal,"  which  is  from  25  to  30  feet  thick,  but  this  is 
really  a  compound  seam,  for  it  splits  up  northward  into  fourteen 
separate  seanis  with  intercalated  measures  amounting  to  a  total 
thickness  of  about  300  feet. 

In  Warwickshire  the  beds  are  similar,  the  productive  measures 
having  a  thickness  of  600  to  TOO  feet,  and  containing  five  workable 
coal-beds  near  the  centre,  which  coalesce  toward  the  south  into  one 
compound  seam  26  feet  thick.  These  beds  are  succeeded  by 
Upper  (red)  Coal-measures,  which  are  divisible  into  three  divisions 
comparable  with  those  of  Staffordshire.  There  is  in  fact  every 
probability  that  the  two  coal-fields  are  connected  beneath  the 
newer  rocks  of  the  Birmingham  district  and  are  really  parta  of  a 
single  bann.^ 
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In  Leiceetetshire  the  saccesdon  b  different  and  the  thickness 
of  productiTe  Coal-measures  ia  much  greater.  Near  Aahbj-de-Ia- 
Zonch  the  aeqaence  is  : — 

FMt 

Upper  CM.,  coaras  grits  in  unconformable  ontlierti 
Middle  C" 


iddle  C.M.  with  ten  coal-seams  . 
Lower  CM.,  sandstones  and  abalea  without  coals 
Millstone  Grit 


.   Chahire  and  Lancashire  Basin 


For  the  purposes  of  description  the  coal-fielda  of  North  Stafford- 
shire, Lancashire,  Flint,  and  Denbigh  will  here  be  treated  as  parts 
of  one  great  basin,  for  there  is  little  doabt  that  thej  are  continuoua 
from  west  to  east  beneath  the  Triassic  plains  of  Cheshire  (see  Fig. 
86).     The  following  is  the  general  sequence  in  thia  area  ; — - 

Fnt 

yj         n  w  /  ^^  ""*  purple  sandstones  and  marls  with 

upper  ij.ai.  -^     ^^^  ^^^  j^^^  ^^^  ^^^  limestones     .                2200 

ir'jji    n  >r  f Gray  shales   and  sandstones  with  manv 

Middle  CM.  I     aims  of  coal  and  ironstone  .        .        .                3500 

T   «.   r-  M  /•3™y   flagstones  and   black  shales  with 

Xiower  i^.ju.  I     ^^^  eoal-fleama  [generally  thinj  .         .  1000  to  1800 

Mm...«.Gri.  {«';SJ'Z  "k  ■''■-•.•''*™«  ••:  „o„»ioo 

n -ji  ^j    fDark  ahales  with  a  lenticular  limestone 

Pendlesidegroupl     thickening  to  tho  N.E.  .        .        .    4E0  to  1600 

12,5(H) 

PendloBlde  Group. — The  relations  of  this  group  have  been 
described  on  p.  222.  It  is  a  local  set  of  beds  which  aet  in  near 
Congleton  in  North  Staffordshire,  attains  a  thickness  of  SSOO  feet 
in  the  Clitheroe  aad  Pendleside  district,  biit  seems  to  die  out  in 
Yorkshire. 

A  similar  set  of  beds  occupies  the  same  position  on  the  weatem 
side  of  the  area  in  North  Staffordshire,  where  thej  include  one  or 
two  hands  of  volcanic  tuff.  They  are  well  eiposed  in  Congleton 
£d(>e,  and  have  recentlj  been  described  by  Uesara.  Gibson  and  Hind, 
from  whose  paper  Fig.  37  has  been  borrowed.  Their  thickneas 
here  is  about  2  SO  feet. 

All  the  limestones  of  the  Pendleside  group  are  black,  and  they 
contain  a  different  fauna  tronx  that  of  the  underlying  limestones, 
their  characterbtic  fossils  being  Goniatittt  ntieuialui,  Foiidonomya 
Btcheri,  Poridoniella  Itmiis,  and  Avicv,U^utai  papifractve — -fossils 
which  do  not  occur  in  the  Clitheroe  limestones  nor  in  the  Yoredale 
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Beds,  but  do  occar  in  all  the  shales  which  lie  between  the  MilUtone 
Grits,  and  range  aUo  into  the  Lower  Coal-measures.  Consequently 
it  seems  naceesary  to  dissociate  them  from  the  Carboniferous  Lime- 
stone seriea. 

The  MlUstond  Qrlt  consists  of  several  sets  of  grits  and  fl^- 
stones  separated  bj  shales  of  varying  thickness.  Its  thickness 
increases  la  the  northward,  and  finds  its  maximum  in  East 
Lancashire,  where  it  is  said  to  be  over  3500  feet  thick.     Through- 


out tlia  North  Derbyshire  and  Lancashire  area  the  following 
subdivisions  can  be  traced,  though  the  thickness  of  each  varies 
greatly:— 

6.  Rough  Ruck,  or  first  grit. 

i.  Shales. 

3.  Middle  grits,  including  the  second  and  third  grits. 

2.  S  bales. 

1.  Einderaoont  giit,  or  fourth  grit. 

The  lowest  grit  takes  its  name  from  the  high  table-land  of 
Kinderscout  in  the  Peak  country,  which  consists  of  this  rock,  and 
rises  to  a  height  of  2000  feet  above  the  sea.  The  middle  grits  at« 
not  so  continuous  as  the  upper  and  lower,  but  come  in  as  lenticulai- 
beds  at  different  horizons.  The  Rough  Rock  is  a  very  coarse  firit, 
sometimes  passing  into  a  conglomerate  of  small  quartz  pebbles. 
In  Lancashire  it  contains  a  workable  coal-seam  called  the  "Feather- 
edge  coaL"  The  shales  below  also  include  thin  seams  of  coal.  To 
the  south-west  in  Staffordshire  the  middle  grits  thin  out,  hut  the 
fourth  grit  appears  to  be  represented  on  Cougleton  Edge  by  a  set 
of  grits  and  shales  about  600  feet  below  the  third  grit,  so  that  the 
group  here  is  not  less  than  1000  feet  thick,  and  has  the  Pendleside 
shales  below  it.  Between  Biddulph  and  Macclesfield  the  other 
grits  come  in  and  thicken  rapidly  northward,  till  near  Mottram  the 
whole  group  is  2500  feet  thick,  and  near  Burnley  over  3000. 

Lower  Ooal-Meaeures. — lliese  are  sometimes  called  the  Gan- 
nister  measures,  gannUu^r  being  the  miners'  name  for  a  peculiar  hard 
and  compact  siliceous  stone  which  often  forms  the  floors  of  the  coal- 
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eeams.  Hard  graj  flagstones  are  the  predominating  beds  in  this 
division,  with  subordinate  bonds  of  shale.  The  coals  are  generally 
thin,  but  two  or  three  nmning  from  three  to  four  feet  thick  are 
oftea  worked.  In  the  Ticinity  of  the  cool-seanu  plant  remains  are 
abundant,  bnt  the  fossils  in  the  other  beds  are  generally  marine 
forms,  the  chief  of  which  are  mentioned  on  p.  2&1. 

In  Flintshire  and  North  StaffordBhire  these  lower  measures  are 
about  1000  feet  thick,  but  they  increase  northward  and  reach 
1800  feet  in  Lancashire,  where  they  are  well  exposed  in  the  cuttings 
of  the  Wigan  and  Liverpool  Railway. 

Uiddle  Ooal-Measures. — This  is  a  more  varied  series  of  gray 
shales  and  sandstones,  and  from  the  numerous  beds  of  coal  and 
ironstone  it  is  commercially  the  moet  important  group  in  the 
whole  series.  These  measotes  attain  their  greatest  thickness  in  North 
Staffordshire,  where  they  are  about  3600  feet,  with  forty  coal-seams. 
In  Flint  and  South  Lancashire  their  thickness  is  much  leas,  but 
they  stem  to  thicken  rapidly  in  an  easterly  or  north-easterly 
direction — that  is  to  say  the  sedimentary  material  thickens,  for  the 
total  thickness  of  coal  does  not  alter  so  much.  The  following  table 
is  taken  from  Mr.  Morton's  Geolcgy  of  Liverpool  (second  edition,  pp. 
36  and  48) :— 


yital. 

p™«<.u 

St  Holms. 

Wlg.n. 

j  Thickness  or  coal-seams   . 

FMt. 

50 
6S0 

61 

126B 

Feet. 

88 

1665 

Feet. 

72 

2108 

1                           Total        .        . 

700 

1320 

1738      1    2178 

The  foxrils  of  the  middle  measures  are  chiefly  of  terrestrial  and 
freshwater  organisms  —  fish,  such  as  PalaonUcut  Egertoni,  Mtga- 
liclUhyi  Hibberti,  and  Ekiiodui  ineurvui;  Unio-like  bivalves,  as 
GaTbanitola  acuta,  C.  Tobuita,  G.  aquilina,  AnthTacomya  modiolarit ; 
numerous  ferns,  especislly  S^enoplerU  and  NeuropterU,  and  other 
plants,  such  as  Catamites  variaru  and  Calamoeladut  eqiiiseHfbrmit. 
Two  marine  bands  have  been  found  in  North  Stalfordehire  and 
auother  in  Lancashire,  and  these  have  yielded  the  fossils  mentioned 
on  p.  251. 

Upper  Ooal  -  Measures. — This  division  has  been  recently 
studied  by  Mr.  W.  Gibson,  who  comes  to  the  conclusion  that  the  red 
and  purple  sandstones  which  were  formerly  referred  to  the  Permian 
mnst  be  included  in  the  Carboniferous.^  To  these  he  gives  the 
name  of  Keele  "aeries,"  but  it  would  be  better  to  call  them  the 
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Eeele  Bedo,  and  ihsy  form  the  liigbest  of  the  fout  gronps  which 
he  rew^iUBes  in  North  Staffotdihire  and  Denbigh.  The  following 
brief  account  ie  taken  from  Mr.  Gibson'^  paper : — ■ 

Feet. 

iRed  and  purple  sandetones  and  maris  with 
three  thin  layers  of  Spirorbis  limestone. 
FoMiU,  B  Saw  plants  and  Entomostraca        .  700 

Ora;  Bandetones  and  shales  with  fonr  thin 
seams  of  coal  and  a  limestone  at  the  base. 
Fossils,  many  ferns  and  plants  {SigUlaria 


group 


Red  and  purple  marls  and  clays  with  thin  bands 
of  green  grit  and  ■  limestone  near  the  base. 
Tbe  clavs  are  largely  used  for  j>ottery  .         .  300 

Gray  sandstones  and  marls  with  blachband 
ironstones  and  thin  seams  of  coaL  Anthm- 
oomya  Phillipsi  and  Ssh  teeth      .         .         .  300  to  450 


ToUl  about  2200 


There  is  a  similar  aet  of  beds  near  Manchester,  which  have  n< 
yet  been  correlated  with  the  above,  but  are  described  as  follows  :- 

FMt. 

Baddisb  clays,  shales,  and  sandstones,  with  six  beds  of 

gray  limestone  and  two  thin  coal-seams         .                 .  600 

Red  and  gray  clays,  shales,  and  flagstones  800 

Gray  and  black  shalea  sjid  sandstones  with  six  coal-seams  710 


5.  Notts,  Derby,  and  YorhMre 

This  coal-field  fontiB  a  continuous  tract  on  the  eastern  side  of 
the  Pennine  hills,  from  a  little  north  of  Nottingham  to  a  little  north 
of  Bradford  and  Leede,  a  distance  of  about  sixty  miles.  It  is 
bounded  on  the  west  and  north  by  continuous  ridges  of  Millstone 
grit,  and  in  all  probability  the  exposed  coal-field  is  only  part  of  a 
large  baain-Bhaped  area,  the  eastern  lip  of  which  is  concealed 
beneath  the  Permian  and  Triassic  rocks.  In  the  southern  part  of 
the  area  the  prevalent  dips  are  eastward,  and  no  Upper  Coal-measures 
are  exposed,  but  near  Wakefield  beds  referable  to  the  upper 
division  come  in,  and  the  strata  begin  to  rise  toward  the  north-east 
There  is  no  doubt  that  the  Coal-measures  were  originally  continuous 
with  those  of  North  Staffordshire  and  Lancashire  across  the  interven- 
ing anticline,  just  as  the  Millstone  Orits  are  still  continuous  between 
Lancashire  and  South  Yorkshire. 

Millstone  G-rlts. — Theae  beds  have  been  described  on  p.  S60, 
and  as  on  tbe  west,  bo  also  on  the  east  the  grits  are  thickest  in  the 
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northern  part  of  the  area  (3500  feet),  thinning  very  greatly  toward 
the  sontfa.  The  lowest  or  Kindencout  Grit  forms  the  escarpment 
cf  Derweut  Edge,  the  Cliatawortb  &nd  Bivelin  Grita  belong  to  the 
third  Grit,  and  the  higheat  or  "  Bongh  Bock"  is  well  seen  in 
Stannedge  quarries  near  Chesterfield. 

The  Lower  Ooal-Ueasures  resemble  those  of  Stafford  and 
Lancashire,  thickeoing  uotthwaki  from  900  feet  in  Notts  to  1600 
feet  in  Yorkshire.  They  consist  largely  of  flagstones,  but  include 
beds  of  gannister  and  fireclay,  and  several  thin  but  workable  beds 
of  cool.     The  foBsihi  are  chiefly  marine. 

The  Middle  Ooal-Ueasuree  are  from  SOOO  to  3000  feet 
thick,  and  are  so  entirely  like  those  of  Lancashire  that  several 
of  the  Yorkshire  coal-seams  can  be  identified  with  their  counter- 
parts on  the  west ;  thus  the  "  silkstone "  of  Yoikahira  is  the 
"  Arley  mine  "  of  Laacaahire.  Layers  of  nodular  carbonate  of  iron 
are  frequent  and  have  been  lately  worked.  Some  of  the  Coal- 
measure  sandstones  near  Pontefivct,  Ackworth,  and  Rotherham  in 
Yorkahixe  are  stained  red,  and  were  formerly  miataken  for  beds  of 
Permian  age. 

Upper  Ooal-MeasviTe& — These  are  concealed  beneath  the 
newer  rocks  in  the  eouthem  part  of  the  area,  but  have  recently 
been  proved  in  a  boring  at  Thurgarton,  near  Southwell  in  Notts. 
The  cores  indicate  a  aucceaeion  like  that  of  North  Staffordahire,  but 
with  a  less  thickness.  Mr.  W.  Gibson  (op.  at.  p.  262)  gives  it  as 
follows : — 

Paet. 
Permian  (Marl  Slate). 
„    ,    „  .  r  Red  aandatoneRud  marl  with  JVeurqpteriirarincn'ts 

KealeBeds         ^     &ai  FeeaOerit  MiUmtt ]88 

■M        -ii    n  J    fOnj   sanastonea    and    shales    with    a  seam    of 
Newcastle  Beds  [     ^ Bl 

Etroria  Maria :  red  marls  and  green  grits 2G7 

Gray  Coal-measures  below. 

In  Yorkshire  near  Hotherham  there  are  some  red  marls  and 
sandstones  which  are  classed  as  upper  Coal-measureB,  and  probably 
belong  to  the  Etruria  marls,  but  only  54  feet  of  them  are  seen. 

e.  Durham  and  Norlkamberlaad 
This  area,  aometimea  called  the  Newcastle  coal-field,  extends 
from  the  northern  side  of  the  Tees  valley  west  of  Darlington  to  the 
mouth  of  the  river  Coqnet,  a  distance  of  about  60  miles.  It  is 
limited  on  the  aonth  by  an  anticlinal  flexure  which  runs  from 
Barnard  Castle  to  the  mouth  of  the  Tees,  and  in  Northumberland 
the  Uillstone  Grit  runs  into  the  sea  near  Alnmouth,  so  that  the 
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eastern  part  of  the  coal-field  pnfBeg  beneath  the  floor  of  the  North 
St-a. 

MUlBtone  Grit. — This  divisioa  ia  of  email  thickness,  and  it  is 
doubtful  what  beds  should  be  assigned  to  it.  In  Yorkshire  the 
Hillst^ine  Grits  thin  rapidly  oa  they  are  followed  northward,  and  in 
the  North  Riding  are  not  more  than  600  feet  thick.  Some  of  the 
grits,  however,  are  believed  to  come  in  again  between  Teeedale  and 
lyuedale,  and  have  been  mapped  as  forming  broad  plateaias  on  the 
high  fells  of  West  Durham,  hut  in  this  area  they  lose  their  coarse 
gritty  character  and  become  indistinguishable  from  the  sandstones 
and  flagstones  of  the  Oannister  measures. 

Iiower  Ooal-Meaauree. — These  beds  likewise  become  much 
thinner  in  a  northerly  direction,  bo  that  in  Northumberland  the 
whole  thickueag  between  the  Felltop  limestone  and  the  Brockwell 
coal,  which  is  the  lowest  workable  seam,  is  only  about  350  feet. 
Of  this  Mr.  Lebonr  assigns  160  feet  to  the  Gannister  measures, 
and  in  this  thickness  there  are  two  seams  of  coal.  A  few  marine 
fossils  such  88  AviadopeeUn  papyraeeut  and  stems  of  crlnoids  have 
been  found  in  these  beds. 

The  Middle  Ooal-Measures  maintain  their  thickness,  which 
in  Durham  is  estimated  at  2000  feet,  and  they  contain  some  twenty 
good  seama  of  coal,  inclading  the  Brockwell  seam  at  the  base,  and 
the  High  Uain  seam,  which  is  the  highest  known  seam  in  the 
series.  Besides  these  there  are  many  minor  or  less  valuable  seams, 
bringing  the  total  number  to  over  sixty.  Some  of  the  ahalea  con- 
tain nodules  and  bands  of  ironstone  which  have  occasionally  been 
worked,  and  some  of  these  are  so  full  of  Carbonicola  shells  that 
they  are  known  as  "  mussel  bands."  The  sandstones  are  nsed  for 
bnilding  pnrpoaes,  and  one  bed,  known  locally  as  the  "  gmidBtone 
post,"  furnishes  the  celebrated  Newcastle  grindstones. 

Upper  Ooal-Measures. — It  is  uncertain  whether  these  occur 
within  the  exposed  area  of  the  coal-field.  Professor  Hull  separated 
the  highest  900  feet  of  Coal-measures  under  this  head  heoanae  they 
consist  largely  of  sandstones  and  contain  few  beds  of  coal.  Then 
are,  however,  four  seams,  and  one  of  them  is  four  feet  thick.  The 
sandstones  too  are  gray,  and  the  beds  are  certainly  not  comparable 
to  the  red  measures  of  the  Midland  counties. 


The  Upper  Carboniferous  series  is  not  so  fully  developed  in 
Scotland  as  it  is  in  England,  and  the  thick  middle  division  of  the 
Coal-measures,  which  is  the  moat  productive  part  of  the  English 
aeries,  appears  to  be  absent  north  of  the  Tweed.    The  Coal-measnres 
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occur  in  several  basin-ahaped  tracts,  the  chief  of  which  are  those  in 
Midlothian  and  Fife  nn  the  east,  at  Lanark  in  the  centre,  and  of  the 
Cljde  basin  on  the  west. 

Millstone  Oilt. — In  the  counties  of  Edinburgh,  Fife,  Stirling, 
and  Lanark  the  npper  liraeBtones  are  succeeded  by  a  set  of  pale  red 
and  yellow  sandstones,  in  thick  beds  with  occasional  layers  of  shale. 
This  group  of  sandstones  ia  generally  known  as  "  Moorstone  Itock," 
but  haa  also  been  called  the  Roaslyn  sandstone,  from  its  fine  ex- 
posure near  that  place  Its  thickness  near  Edinburgh  and  north  of 
the  Forth  is  from  350  to  600  feet,  but  it  thins  from  the  north-east 
to  south-west ;  in  Lanark  it  is  only  from  90  to  100  feet,  and  farther 
west,  in  Ayrshire,  it  is  so  thin  as  not  to  be  definitely  separable  from 
the  Coal-raeasurea,  Fossils  are  rare,  but  a  few  of  marine  apeciea 
iiave  been  found. 

Lower  Ooal-Measurea — These  measures  attain  a  consider- 
able thickness,  abont  ISOO  feet  in  Fife  and  Midlothian,  from  1200  to 
1000  in  Lanark,  and  about  1300  in  the  Clyde  bssin.  They  consist 
of  gray  and  white  sandstones,  with  shale-i,  coals,  fireclays,  and  iron- 
stones, and  ten  of  the  coal-seams  are  from  2  to  5  feet  in  thickness. 
In  Lanark  and  the  Clyde  basin  the  base  of  the  series  is  taken  at  the 
slaty-band  ironstone,  and  there  are  several  other  continuous  beds  of 
hiackbaud  ironstone  which  are  of  much  commercial  importance. 

These  measures  contain  a  flora  which  is  pronounced  hy  Mr. 
R.  Kidstcn  to  be  the  same  as  that  of  the  Lower  Coal-raeasores  of 
England.  The  commonest  plants  are  Neur^pterU  Loehi,  N.  giganteti*, 
and  Sphenopterie  laHJblia.  They  also  include  two  marine  bands,  one 
near  the  base  containing  Sckizod-us  deltoideus,  Ctmulana  quadri- 
niieata,  Lingula  m/ytiloidei,  and  Orbiculoi/Ua  nilida;  and  another  above 
the  "  Ell "  coal  containing  the  same  Oonularia  and  Orhicahidea  with 
ProdiietM»  KadriciiitM,  BelUrt^him  Urn,  and  AvicuU^ecUn  papyraceiu. 

Upper  Ooal-MeBBures.— These  consist  chiefly  of  red  sand- 
stones, clays,  and  shales,  their  thickness  varying  in  different  places 
with  a  maximum  of  900  feet  in  Fifeshire.  They  rest  uncon- 
formably  upon  the  Lower  Coal-measures,  which  appear  to  have 
been  tilted,  and  in  some  places  slightly  Beiured,  before  the  deposi- 
tion of  the  upper  measures — a  fact  which  may  account  for  the 
absence  of  the  middle  measures. 

In  Fife  this  group  comprises  red  sandstones,  red  and  parple 
clays,  with  some  thin  seams  of  coal  and  ironstone ;  n  tongue  of 
these  beds  is  prolonged  eastward  beyond  the  normal  boundary  to 
the  coast  near  Lower  Largo,  where  the  beds  are  pierced  by  two 
necks  filled  with  volcanic  agglomerate,  a  fact  which  shows  that 
some  of  the  Fifeshire  volcanoes  were  of  post-Carboniferous  date. 

In  Ayrshire  the  unconformity  at  the  base  of  these  n 
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vei7  marked,  for  they  steal  ocroBS  the  outcrops  of  the  Lower  Otnl- 
measures  until  they  rest  on  the  uppermoBt  limestone  of  the  Lower 
Carboniferous,  the  Millstone  Grit  being  absent  as  above  stated.  In 
the  Ayr  coal-field  these  beds  include  a  thin  band  of  fine  white  lime- 
stone containing  SpiroTbii  carbo?iaTiia,  the  existence  of  which  serves 
to  connect  them  closely  with  the  English  Upper  Coal-measures.  A 
few  Coal-measure  plante  have  also  been  obtained  from  them. 

8.  Ireland 

Bocks  of  Upper  Carboniferous  age  occur  in  several  ports  of 
Ireland,  but  the  principal  coal-fields  are  four  in  number,  two  in  the 
north  and  two  in  the  south.  Of  these  the  following  is  a  brief 
account 

Southern  Oountlee. — One  extensive  area  occupies  porta  of 
the  counties  of  Clare,  Limerick,  Kerry,  and  Cork,  but  the  co&l- 
seama  in  this  region  are  few  and  of  variable  thickness,  so  that 
commercially  it  is  leas  important  than  the  "  Leinater  coal-field," 
which  occupies  parts  of  Tipperary,  Kilkenny,  and  Queen's  County. 
The  succession  in  both  these  areas  is  similar,  but  a  greater  thick- 
ness of  the  middle  Coal-measures  comes  into  the  western  baain. 
The  groups  recognised  are  : — 

Uanitai.  Lelnstar. 

4.  Middle  Coal-Ttieamrei  with  several  good  seams  of 
cosl.  Fossils  are  freahwater  Molluscs,  Crustsoea, 
and  Amphibia 2000        SOO 

3.  LeuKT  Coal-Tiieaturei-with  thin  ooals  Bnil  shale  roofs 

containing  marine  shells 900        600 

2.  Fiag3io?it  group,  micaceous  flagstones  and  shales     .       500        SOO 

1,  Stade  Shale  grov.-p  with  Olypkioixrat  tphariais, 
AviciUoptctea  jtapyraeeiis,  Poaidonomya  Secheri, 
and  Zunu&Karai'utn  Fooli 000        600 


The  Black  Shale  group  has  been  called  "  Lower  Coal-n 
by  Mr.  Kinahan,  but  this  is  a  misnomer,  for  there  are  no  coals  iu 
it,  and  it  underlies  the  representative  of  the  Millstone  Grit ;  at  the 
same  time  its  fossils  show  that  it  is  not  the  equivalent  of  the  Yore- 
dale  Beds,  but  of  the  Rowland  Shales  and  Pendleside  group  of 
Lancashire  (see  p.  2SS). 

The  Flagstone  group  is  the  equivalent  of  the  Millstone  Grit  of 
Bristol  and  South  'Wales,  and  the  true  Lower  Coal-measures  are  the 
beds  which  overlie  these  flagstones,  many  of  the  same  marine  shells 
occurring  iu  them  as  in  the  Gannister  Beds  of  Northern  England.™ 

The  Jarrow  collieries  in  Queen's  County  are  known  for  the 
number  of  Amphibian  remains  which  have  been  obtained  from  them. 
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Northem  Oountdea — The  nioet  iinport&nt  tract  in  the  north 
is  the  Tvrone  coal-field,  which  lies  to  the  north  of  Dungaunon  and 
contains  many  good  seoniB  of  bituniaous  coal  The  succession  aa 
given  by  Mr.  Hardniaii  "  is  as  follows  r — 

Feet. 
Middle  Coai-vitcuaTet. — Soft  sandgtones  and   sbalos 

with  coals,  fireclays,  and  ironstoces                 .        .  930 
LoKer  Coal-mtaxurci. — Hard  sandatan«s  and  sbales 

with  a  few  thin  coals  and  ironstones      .  1000 

MilliloM  GtU. — Coarse  grits  and  sandstones  flO  to  £00 

Blade  Aiola  with  soma  sandstones,  marino  foaaiU  GOO 


About  2600 


Upper  Carboniferous  rocks  occupy  a  considerable  area  in  the 
counties  of  Leitrim  and  Fermanagh,  and  their  sequence  is  the  same 
as  in  Tyrone,  but  only  part  of  the  Lower  Coal-meBBiirea  come  in 
above  the  Millstone  Grit,  three  thin  coals  occurring  in  a  thickness 
of  about  490  feet 

FoREIaK  EoDIVALBItTS 

It  is  unnecessary  to  give  detailed  accounts  of  the  Upper  Car- 
boniferous rocks  which  occur  in  France,  Belgium,  and  Oermanj, 
inasmuch  as  they  resemble  more  or  less  the  English  aeries,  the 
only  important  point  of  difference  being  that  no  such  division  as 
our  Millstone  Grit  ia  recognised  in  any  of  these  countries. 

In  Russia,  however,  there  is  a  complete  change  of  fades,  for 
there  the  whole  upper  division  is  a  marine  formation,  consisting 
mainly  of  limestones  with  some  marls  and  shales.  Alost  of  the 
limeatonee  consist  largely  of  foraminifero,  especially  the  large 
Fu$ulina  cylindrica,  and  contain  Prodvctut  semireticulalv*,  P.  rcra, 
Ortlwteh*  creniitria,  and  other  western  species,  together  with  Asiatic 
forms,  such  aa  Prodvcliit  Hmanicwi,  P.  tv,beTeuiatu»,  OrOuiUtu  cximiat, 
t^wetetes  radiant,  and  a  ecrew-ahaped  Bryozoan  Archimedipora.  This 
marine  Upper  Carboniferous  is  found  again  in  India  and  China. 

Phtsical  and  Geogbaphical  Conditiosb 
The  records  of  the  Carboniferous  period  in  the  British  Islands 
being  more  complete  than  those  of  earlier  times,  we  are  able  to 
construct  a  more  accurate  geographical  picture  or  map  of  the  region, 
and  can  indicate  with  greater  certainty  the  general  changes  which 
took  place  in  the  course  of  tlie  period.  Having  treated  the  stratig- 
raphy of  the  two  great  divisions  of  the  system  separately,  it  will 
he  convenient  to  adopt  the  same  plan  in  dealing  with  Ihe  con- 
ditions under  which  the  rooks  were  accumulated. 
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1.  Lovxr  Carbonifenmi  Epoch 
It  ifl  clear  that  Uie  Carboniferous  period  was  ushered  in  by  the 
partial  Biibmergence  of  the  great  continent  which  included  the 
larger  part  of  Britain  during  the  preceding  Devonian  period,  and 
in  attempting  to  reconHtmct  the  geographical  conditions  which 
were  eatabliahed  during  the  earlier  part  of  the  period  certain 
salient   facts  and  certain  inferencea  at  once  present  themselvea. 

(1)  There  is  a  large  area,  comprising  the  southern  half  of  Scotland, 
the  north-east  of  England,  and  the  eitremq  north  of  Ireland,  in 
which  a  great  thickness  of  shallow-water  deposits  were  accumulated. 

(2)  There  is  another  large  area,  including  the  greater  part  of 
Ireland,  the  northern  paft  of  England  from  Westmoreland  to 
North  Slaffordahtre,  Derby,  and  Leicester,  together  with  a  tract  in 
South  Wales  and  Southern  England,  where  a  maximum'  amount 
of  limestone  was  formed — limestone  in  which  corals,  crinoids,  and 
shells  are  abundant.  Such  material  indicates  clear  water,  and 
clear  water  meanB  a  sea  which,  if  not  far  from  land,  is  far  from  the 
mouths  of  any  large  rivers.  (3)  The  fact  that  in  the  extreme 
south-west  of  Ireland  the  Carboniferous  limestone  is  replaced  by  a 
thick  mass  of  shales  with  occasional  beds  of  sandstone,  which  may 
be  token  to  indicate  that  this  part  of  the  sea  was  traversed  by  a 
mud-bearing  current  carrying  the  finer  detritus  from  some  land 
lying  to  the  west  or  south-west,  the  small  thickness  and  fine  gr^n 
of  the  Cctomhola  grits  showing  the  land  to  be  ao  far  away  that  it 
was  only  occasionally,  when  perhaps  the  rivers  were  in  flood,  that  the 
current  had  power  enough  to  carry  sand  into  that  part  of  the  sea. 
(4)  In  Devon  and  Cornwall  the  limestonea  are  thin  and  discon- 
tinuous, but  are  associated  with  some  thickness  of  rudiolarian  chert 
From  the  occurrence  of  the  radiolaria  it  has  been  claimed  that  the 
sea  in  which  they  lived  must  have  been  very  deep  and  comparable 
to  the  oceans  of  the  present  day.  It  is  doubtful,  however,  whether 
the  Cults  warrant  this  inference  any  more  than  in  the  case  of 
the  chert  beds  of  the  Ordovician  period  (see  p.  131),  for  the 
associated  rocks  do  not  resemble  the  modem  oceanic  oozes  and  red 
clays  either  in  colour  or  in  atmcture.  There  ia  no  good  reason 
for  supposing  that  the  water  in  which  these  lower  culm  measures 
were  accumulated  was  deeper  than  any  other  part  of  the  Carbon- 
iferous sea.  (&)  There  was  an  area  of  no  great  width  but  of  aome 
length,  croBsing  the  central  parts  of  Wales  and  of  England,  over 
which,  no  rocks  of  Lower  Carboniferous  age  were  formed,  and 
which  we  may  consequently  consider  to  have  been  dry  land  during 
this  epocL  (6)  The  small  thickness  of  the  Lower  Carbonifeioua  in 
Anglesey,  where  it  consists  of  basal  beds  of  red  sandstone  and 
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conglomerate,  overlain  by  only  460  feet  of  limestone,  taken  in 
connection  with  the  indications  of  a  shore  line  in  Dublin  and 
C&rlow,  suggests  that  the  land  extended  across  the  Irish  Sea  and 
included  parts  of  Wicklow  and  Wexford. 

We  thus  get  a  picture  of  a  broad  sea  covering  the  greater  part 
of  the  British  Isles  and  extending  southward  over  parts  of  the 
island  and  over  the  north  of  France,  for  Lower  Carboniferous 
beds  occur  in  Brittany,  Normandy,  tlie  BoalonnaJa,  and  Belgium. 
In  the  centre  of  this  sea  was  an  island  some  300  miles  in  length, 
but  of  DO  great  breadth,  and  not  large  enough  to  give  birth  to  any 
large  river,  so  that  the  tea  all  round  it  was  generally  clear  and 
teemed  with  marine  life.  It  was  only  occasionHlly  that  parts  of 
this  sea  were  invaded  by  mud-bearing  currents,  such  as  must  have 
broi^bt  the  material  of  the  ehales  in  the  middle  of  the  limestone 
series  at  Bristol  and  of  the  "  calp  "  sbalea  in  Ireland. 

When,  however,  we  pass  northwards  throngh  Yorkshire  we 
find  the  limestones  thinning  out  and  gradually  replaced  by  a  series 
of  shales  and  sandstones  which  can  only  have  been  formed  from 
the  detritus  of  a  large  area  of  land.  The  contrast  between  the 
limestone  faciea  of  Cumberland  and  the  arenaceous  faciea  of 
Northumberland  points  to  the  north-east  as  the  direction  from 
which  the  terrestrial  sediment  came.  This  suggests  the  existence 
of  a  large  tract  of  land  over  what  is  now  the  northern  part  of  the 
North  Sea.  This  land  probably  extended  westward  through  the 
Highlands  of  Scotland  and  eastward-  through  Norway  and  Sweden, 
where  no  Carboniferous  rocks  ocmr  ;  and  it  ia  dear  that  this  land 
was  drained  by  lat^  rivers,  one  or  two  of  which  emptied  tbeir 
mud  and  sand-laden  waters  into  the  northern  part  of  the  Carbon- 
iferous sea— that  portion  of  it  which  lay  over  and  east  of  Scotland, 
having  probably  the  form  of  a  ahallow  and  land-locked  bay.  It  is 
only  in  such  a  bay,  and  in  the  neighbourhood  of  continental  land, 
that  such  a  thick  mass  of  sediments  could  be  laid  down,  and  the 
subsidence  which  permitted  of  its  accumulation  must  have  been 
slow  but  long  continued. 

In  the  weatem  part  of  this  bay  were  several  smaller  islands, 
which  must  gradually  have  diminished  in  size  as  subsidence  went 
on.  The  central  part  of  the  southern  uplands  of  Scotland  formed 
one  of  these  islands  ;  the  Lake  District  was  another,  and  a  third 
Beems  to  have  existed  in  County  Down  (Ireland),  but  this  may  have 
been  connected  with  the  southern  island.  For  the  probable  history 
of  these  islands  the  reader  is  referred  to  the  author's  Building  of 
the  Brititih  Iilandi  (Bell  and  Sons,  189S). 

In  conclusion  it  may  be  remarked  that  the  sea  of  the  Carbon- 
iferons  limestone  was  not  an  open  sea  or  ocean,  but  an  enclosed  sea 
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comparable  to  the  Meditetranean  or  Caribbean  aeaa  of  the  preaent 
daj.  There  are,  indeed,  many  atriking  poinU  of  compariaon  be- 
tween thia  picture  of  the  British  Carboniferona  sea  and  the  existing 
Weet  Indian  and  Mexican  seas.  The  latter  form  a  weaterlj  em- 
bayment  of  the  modem  Atlantic  Ocean  ;  they  are  divided  into  the 
Cuibbean  Sea  and  the  Gulf  of  Mexico  by  a  chain  of  ialanda.  Around 
these  ialanda  deposits  of  a  purely  calcareous  character  are  being 
formed,  and  large  fields  of  crinoids  flourish  between  depths  of  100 
and  BOO  fathoms.  Other  calcareous  deposits  are  accumulating  in 
tlie  southern  part  of  the  Qulf  of  Mexico,  while  ita  northern  part 
receivee  the  muddy  sediment  brought  down  by  the  waters  of  the 
Miasisaippi.  Beyond  this  the  parallel  fails,  for  no  part  of  the 
CacboniferoUB  sea  ia  likely  to  have  been  aa  deep  aa  the  central  port 
of  the  Caribbean. 

S.    Vyfer  CaTboniferma  Epoch 

We  have  next  to  consider  what  ia  likely  to  have  been  the  nature 
of  the  change  which  put  an  end  to  the  formation  of  the  Carbon- 
iferous limestone  and  led  to  the  accumulation,  first  of  the  PoridoaieUa 
shales  and  Millstone  grita,  aod  afterwaida  of  the  Coal-meaaures. 
Here  again  we  may  adopt  the  plan  of  pointing  out  certain  salient 
facts  and  what  may  be  inferred  therefrom. 

(1)  We  have  seen  that  the  Lower  Carboniferous  waa  a  time  of 
aabaidenee,  and  that  the  sequence  of  beds  waa  in  moat  places  from 
sandstones  through  shales  to  limestones ;  when,  therefore,  in  passing 
fromtheliOwertothellpperCarhoniferouswe  find  a  reversed  sequence 
of  limestones,  ahalea,  sandstones,  we  are  naturally  led  to  infer  that 
this  waa  due  to  movement  in  an  oppoaite  direction,  vii.  npheavaL 

(B)  There  are  three  districts  where  the  transition  frem  limestone 
to  shale  and  grit  is  abrupt  and  striking.  The  one  is  in  South 
Walea,  where  a  pebbly  grit  often  rests  directly  on  the  top  of  the 
limestone.  The  second  ia  in  North  Walea  (Flintshire),  where  the 
grits  thin  out  westward  and  allow  Coal-measures  with  a  layer  of 
quartz-pebbles  at  the  base  to  rest  on  the  limestone  in  the  Vale  of 
Clwyd.  The  third  ia  that  of  Derbyshire,  where  the  summit  of  the 
limestone  ia  marked  by  a  kind  of  shell  conglomerate,  and  directly 
succeeded  by  shales  with  a  different  fauna.  These  facta  also 
surest  upheavaL 

(3)  Where  the  Millstone  Orits  are  thickest,  aa  in  Derbyshire, 
lAncaahire,  and  Yorkshire,  the  lowaat  of  these  grita  is  the  coarsest, 
and  its  component  grains  are  angular  and  little  worn.  From  this 
area  of  thick  grits  there  is  a  gradual  diminution  in  the  quantity 
and  coaraeneaa  of  the  sand  not  only  in  every  direction  horizontally 
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(except  eastward)  but  also  vertically  upward.  Whether  the  griu 
thin  eastward  we  do  not  know,  for  they  are  concealed  from  yiew. 
With  regard  to  the  upward  sequence  it  was  pointed  out  by  the  late 
Profeswr  A.  H.  Green  tliat  the  Millstone  Grita  are  coarse-grained, 
massive,  and  penist«nt  over  large  areas;  that  though  sandgtones  atill 
play  an  important  part  in  the  Lower  Coal-measures  tbej  are  not 
•o  coarse  nor  so  thick  as  those  below,  while  in  the  middle  measures 
thick  sandstones  are  rare,  and  when  they  do  occur  they  are  fine- 
grained and  seldom  extend  as  continuous  beds  for  more  than  a  few 
miles.  This  change  in  character,  as  well  as  the  coming  in  of  coal- 
seams,  indicates  a  corresponding  change  in  the  physical  conditions 
of  the  time. 

(4)  Althot^h  the  succession  in  Devonshire  ia  so  different,  yet 
there  is  a  similar  sharp  contrast  between  the  lower  and  middle 
Culm-measures,  and  in  South  Devon  an  actual  break  between  them. 
Mr.  Ussher  remarks  that  there  was  an  irregular  shoaling  of  the  sea 
after  the  formation  of  the  Lower  Culm,  and  is  certain  "  that  the 
Middle  Culm  Bandstones  were  deposited  in  shallow  water."  "* 

I  have  shown  elsewhere^  that  the  facts  connected  with  the 
Millstone  Grit  cannot  be  explained  by  merely  assuming  a  cessation  of 
the  great  subsidence  :  there  must  have  been  a  reverse  movement 
and  an  upheaval  of  the  whole  British  region,  while  the  character 
of  the  Upper  Carboniferous  of  Russia  shows  that  there  was  a 
corresponding  subsidence  of  that  region.  The  upward  movement 
in  the  British  area  was  not,  however,  of  long  duration,  and  must 
certainly  have  exhausted  itself  before  the  commencement  of  the 
lower  Coal-measures,  when  subsidence  again  set  in.  The  gradoal 
overlap  of  one  group  of  Coal-measures  beyond  the  other  over  the 
surface  of  the  central  island  proves  that  this  island  sank  gradually 
till  it  reached  a  lower  relative  level  than  it  occupied  in  the  time  of 
the  Carboniferous  limestones. 

The  upheaval  which  produced  the  great  change  probably  acted 
in  the  following  manner.  It  necessarily  caused  an  extension  of  the 
land  areas  at  the  expense  of  the  sea-spaces,  and  at  the  same  time  it 
reduced  the  depth  of  the  seas  which  were  left.  The  increased 
height  of  the  land  gave  rise  to  an  increase  of  the  rainfall,  an 
acceleration  of  all  detritive  processes,  and  imparted  a  greater  velocity 
to  the  rivers  and  strcama  Hence  large  quantities  of  land  detritus 
would  be  swept  into  the  shallowing  seas  till  at  length  broad  tracts 
of  these  seas  were  silted  up  and  converted  into  marshy  flats  suitable 
for  the  growth  of  the  Calamites,  Lepidodendrons,  and  Ferns  which 
are  so  abundant  in  the  Coal-measures.  Thus  when  subsidence  ^un 
set  in  lai^  areas  of  the  sea  had  been  converted  into  shallow-water 
lagoons  aud  waterways  surrounded  by  marshy  land,  and  the  amount . 
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of  detritus  brought  down  &om  the  laud  Beems  generally  to  have 
been  sufficient  to  counterbalance  the  submergence  and  to  fill  up 
the  space  till  it  was  ^ain  converted  into  marahy  land. 

With  respect  to  the  manner  in  which  beds  of  coal  were  actooll; 
accumulated  there  La  some  difference  of  opinion,  and  it  is  doubtful 
if  all  coal-seams  were  fonned  in  the  same  way.  The  view  which 
has  hitherto  been  moat  generally  accepted  is  that  the  coal  has 
resulted  from  the  growth  and  decay  of  vegetation  on  the  place 
where  it  is  now  found.  This  appears  to  be  the  moat  probable 
origin  of  many  coal-seams  which  rest  on  beds  of  clay  or  shale  that 
are  penetrated  by  stigmaiia  rootlets.  Bat  there  are  cases  where 
coal-seams  rest  directly  on  limestone  or  sandstone  without  any 
evidence  of  growth  in  tU-a,  and  a  case  has  recently  been  described  of 
a  coal-seam  passing  gradually  and  horizontally  into  a  carbonaceous 
dolomite.^  In  these  and  other  instances  the  material  of  the  coal 
appears  to  have  been  drifted  by  a  current  into  still  water  and  there 
deposited  like  other  aqueous  sediments. 

In  the  modern  world  the  nearest  analogy  to  the  conditions  under 
which  the  Coal-measures  were  formed  is  probably  to  be  found  in 
the  mangrove  swamps  which  exist  at  the  mouths  of  so  many  riven 
vrithin  the  tropics  ;  in  such  swamps  there  is  both  growth  in  ritu 
and  transport  by  sluggish  corrents  in  close  pFoximity  to  the  sea. 

A  coal-seam,  therefore,  may  be  regarded  as  the  final  phase  in  the 
temporary  silting  up  of  a  swampy  district  when  a  pause  in  sub- 
sidence allowed  either  of  the  actual  growth  of  plants  in  titu,  or  of 
the  formation  of  a  quiet  lagoon  in  which  a  thick  layer  of  vegetable 
matter  could  be  accumulated.  On  the  other  hand,  the  occurrence 
of  a  bed  containing  marine  fossils  indicates  a  time  when  renewed 
subsidence  took  place  causing  the  waters  of  the  still  open  outside 
sea  to  overflow  the  wide  allnvial  levels. 

When  we  remember  that  what  are  now  separate  basins  or  coal- 
fields were  in  most  cases  connected  with  each  other  across  (he 
intervenii^  anticlines,  and  further,  that  this  development  of 
Coal-measurea  is  not  peculiar  to  Britain,  but  seems  to  have  been 
a  contemporaDeoue  formation  over  the  greater  part  of  Western  and 
Central  Europe,  we  must  conclude  that  a  vast  r^on  of  alluvial 
land  was  produced  during  this  epoch,  the  conterminous  deltas  in 
fact  of  the  numerous  rivers  which  drained  the  continents  to  the 
north,  west,  and  south,  just  as  Holland  now  is  the  conterminous 
delta  of  the  Rhine,  the  Meuse,  and  other  rivers. 

Now  the  time  necessary  for  the  progress  and  consummation  of 
all  these  natural  operations  must  have  been  enormous,  and  yet  the 
changes  in  physical  geography  must  have  been  so  slight  and  so  slow 
throughout  this  great  length  of  time  that  they  did  not  materially 
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alter  the  rel&tive  positiona  of  land  and  a«a,  or  interrupt  the  process 
of  swamp  formation.  This,  then,  is  the  peculiar  and  remarkable 
point  in  Caiboniferous  historj  whiclt  I  desire  to  impresB  apon  the 
reader'a  mind,  that  the  latter  half  of  it  was  a  period  of  internal 
quiescence,  a  period  in  which  terrestrial  disturbances  were  at  a 
minimum,  and  consequently  when  the  surface  ai^ncies  of  change 
were  able  to  continue  their  course  of  action  to  a  greater  extent  than 

It  is  a  well-known  axiom  in  physical  geology  that  if  these 
surface  agencies  were  to  be  allowed  full  plaj,  and  were  not  checked 
or  balanced  by  terrestrial  movement,  every  continent  would 
gradually  be  reduced  in  height,  and  worn  down  to  a  level  but 
little  above  that  of  the  sea,  while  the  aurronnding  waters  would  he 
choked  and  shallowed  by  the  materials  poured  into  them  from  the 
wasting  land.  It  would  appear,  therefore,  that  the  Carboniferous 
was  a  period  whea  this  theoretical  result  was  more  nearly 
approached  in  Western  Europe  than  it  ever  has  been  before  or 
since,  when  the  land  areas  were  gradually  lowered  by  the  combined 
action  of  detrition  and  depression,  the  area  of  high  ground  being 
continually  diminished,  hut  the  area  of  low-lying,  swampy  ground 
at  or  about  the  sea-level  being  continually  increased. 
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oas  Tolcanoes. 

>  The  Student't  Eandbook  qf  Pkytioal  Oteloffy,  second  edition,  p.  449 
(Bell  and  Sons),  13S2. 

"  The  "Geologj  of  the  Sonth  Wales  Coal-fleld,"  Man.  Geol.  Sktb.,  Parts 
I.  snd  II. 

"  The  "  British  Cnlm-meesnres,"  Proc.  Sum.  Areh.  and  Nat.  Hitt.  Soc.  rol. 

JtlJTUi.  p.  111. 

'  See  a  paper  by  Mr.  W.  Oibion  in  <juart.  Jowm.  OeoL  Sac.  vol.  Ivii. 
p.  291. 

'"  See  Professor  Lapworth  on  "GeoltOT  of  the  BlnuinghBin  DIrtrkt," 
Proc.  Otol.  Auoc  vol.  it.  p.  868. 

»  W.  Gibson  In  Quart.  Journ.  Gtol.  Soc.  Tol.  IviL  p.  261. 

^  Mem.  QeoL  Sara.  Irdand.     Explanation  of  Sheet  3S. 

"  aam.  Arch,  and  Sal.  Bill.  Soc.  rol.  iItI.  p.  61. 

"  BuUding  of  the  BrUiah  Idtt,  second  eiliUon  (1892),  p.  156. 

"  By  A.  Strahsn  in  quart.  Journ.  Geot.  Soe.  vol.  Ivii.  p.  297. 
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CHAPTEK  XII 
THE  PERMIAN  SYSTEM 

The  olaaalfloatioQ  of  the  Fock-groupe  which  intervene  between 

the  Carbonifei'oua  and  the  Jurassic  systems  has  been  the  subject  of 
much  controversy.  Formerly  the  whole  of  them  were  grouped 
together  under  the  name  of  New  Bed  Sandstone  and  classed  as 
Mesozoic,  but  in  1S41  and  eubeeqaent  yean  Sir  R.  I.  Marchison 
advocated  their  separation  into  two  great  dividons,  and,  relying 
solely  OQ  the  Carboniferous  affinities  of  the  fossils  in  the  lower 
division,  he  retained  that  port  in  the  Palaeozoic  aeries,  and  regarded 
the  upper  division  as  the  base  of  the  Mesoxolc  series.  At  the 
same  time  he  named  the  lower  rocks  Permian,  from  the  ancient 
kingdom  of  Perm  in  Bussia,  while  for  the  upper  locks  the  Qerman 
name  of  Triat  has  been  generally  employed. 

Although  the  name  Permian  has  been  adopted  in  England 
and  Russia,  it  made  its  way  very  slowly  in  Germany,  mainly 
because  Murchison  mode  mistakes  in  his  grouping  of  the  German 
rocks.  In  that  country  the  strata,  which  are  really  of  Permian 
age,  fall  into  two  strongly-contrasted  divisions,  and  just  as  the 
overlying  Ttvu  was  named  from  its  consisting  of  three  such 
groups,  so  the  term  Dyai  was  proposed  by  Marcou  in  1859  from 
the  duality  of  the  underlying  system.  This  name  was  adopted  by 
Qeinitz,  and  was  for  a  time  much  used  on  the  continent,  but 
Professor  Kayser  and  others  have  more  recently  preferred  the 
older  name  as  on  the  whole  a  better  one. 

Much  difference  of  opinion  has  been  expressed  from  time  to 
time  as  to  the  relations  of  the  Permian  rocks  with  the  Carbon- 
iferous on  the  one  hand,  and  with  the  Trias  on  the  other.  In 
some  areas  there  appears  to  be  such  a  gradual  transition  from  the 
Coal-measures  upwards,  that  Permian  strata  have  been  called 
Pott-Carbon^er<mt  or  Permo-CaTbrnn/enms,  while   in   other  places 
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the  Pennian  is  clearl)'  anconformEible  to  the  CttrboniferouB,  and 
there  is  bo  much  aimilaiity  between  the  red  rocks  of  the  Fermian 
and  thoee  of  the  Triaa  that  «ome  authors  have  revived  the  idea 
of  the  New  Red  Sandstone  under  the  title  of  a  Poikilitic  ayatem 
(from  the  word  n-ouctXat,  variegated). 

The  explanation  of  these  doubts  and  difficulties  seema  to  be 
that  the  Permian  strata  of  Northsrn  Europe  were  formed  in  a 
land-locked  inhmd  sea  Bomething  like  the  Black  Sea  or  the 
Caspian  of  the  present  day,  and  that  this  sea  was  inhabited  by 
a  dwarfed  and  modified  remnant  of  the  Carboniferous  fauna. 
Further,  that  the  period  was  in  Europe  one  of  considerable 
terrestrial  disturbance,  so  that  the  continnity  of  depofdtion  was 
broken,  but  not  everywhere  at  the  same  time,  while  outside  the 
region  enclosing  this  inland  sea  there  was  a  larger  and  more  open 
sea  occupying  Southern  Europe  and  large  ports  of  Aaia,  where 
the  evolution  of  life  was  in  full  progress  and  a  varied  fauna  was 
developed. 

While,  therefore,  the  British  geologist  is  specially  interested  in 
the  Permian  rocks  of  Britain,  he  must  remember  that  they  are 
port  of  an  exceptional  fades,  and  that  for  the  normal  marine 
development  of  the  ayslem  he  must  look  to  Asia  and  Southern 
Europe.  From  this  point  of  view  such  a  term  as  Fermo- 
Carboniferous  seems  to  be  UDnecessary.  It  may  be  difficult  in 
some  r^ons  to  draw  any  hard-and-fast  line  between  Carboniferous 
and  Permian,  but  this  difficulty  occurs  in  the  case  of  other  systems, 
and  it  is  better  to  class  some  of  the  passage  beds  as  Carboniferous 
and  the  others  as  Permian  even  if  the  line  of  separation  is  on 
artificial  one.  The  question  which  really  requires  an  answer  is 
this,  Does  the  Permian  series  and  the  Permian  fauna  where 
fully  developed,  as  in  India,  deserve  to  be  ranked  aa  a  system, 
distinct  from  the  Carboniferous  on  the  one  band,  and  the  Triaseic 
on  the  other  1 

As  we  possess  a  marine  type  of  Permian  in  Britain  it  will  be 
convenient  to  describe  the  British  rocks  first  and  to  recur  to  their 
foreign  equivalents  afterwards. 

The  typical  Permian  of  Britain  occurs  in  the  north-east  of 
England,  and  extends  southward  from  the  coast  near  Sunderland 
to  Nottingham ;  the  strata  along  this  tract  consist  principally  of 
dolomitic  limestone  and  gray  shaly  marls.  There  is  another 
Permian  area  in  Cumberland,  and  small  tracts  occur  in  Ireland. 

It  has  been  stated  on  p.  S61  that  much  of  what  has  hitherto 
been  regarded  as  Permian  in  the  Midland  counties  really  belongs 
to  the  Upper  Carboniferous  series,  but  there  are  certain  brecciaa 
both  there  and  in  Devon  which  may  be  of  Permian  age. 
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FoesllB  of  the  Permian  in  Britain  and  Oermany 

Aa  already  mentioned,  the  fauna  of  the  Fernnan  atrata  found  in 
Britain  and  Germany  is  merely  a  survival  of  the  Carboniferous, 
and  must  not  be  r^arded  as  the  typical  fauna  of  the  Permian 
perioij,  which  will  be  briefly  described  on  a  later  pi^e. 

In  the  two  countries  referred  to  the  fossil  assemblage  is  of  a 


<i.  SpiUlei 


/.  SttoplmloBiA  Ism 
a.  ConurojihorU  tie 


limited  and  uniform  nature,  resembling  in  this  respect  the  fanna 
of  modern  inland  seas.  Of  corals  and  echinoderms  there  are  very 
few.  Among  Crustacea  small  Ostntcods  and  Phyllopods  occur, 
but  of  the  aacient  order  of  Trilobites  there  is  no  representative, 
though  the  genus  Pkitlipsia  still  survived  in  Russia  and  North 
America.  The  Brachiopoda,  Lamellibranchia,  and  Gastropoda  are 
all  referable  to  Carboniferous  genera,  but  the  species  are  few  in 
unmber,  and  are  mostly  rather  small,  as  if  dwarfed  by  the  con- 
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ditions  under  whicb  tbey  lived.  Ou  the  other  hand,  coaditiona 
appear  to  have  been  favourable  for  Bryozoa,  which  are  numerous 
and  often  lai^.  Cephalopoda  are  rare,  and  are  limited  to  a  few 
epecies  of  Temnocheilas  and  OHkcaras. 

Among  Vertebrate  animals,  Fish  are  well  represented,  the  prin- 
cipal genera  being  AaroUpit,  AmUyptenu,  Ctelacanfhui,  PaUeonitcui, 
Platyxnatu,  Acanthodet,  Pygoptrrus,  EhabdolepU,  and  PUuraearUhtie. 

Amphibia  of  the  Labyrinthodont  order  have  been  found,  and 
their  footprinta  are  not  uncommon,  Archegoiauras,  Braridtioiamnu, 


i  rUtysamuH 


™ptUB. 


and  Lepidolosaurug  are  the  names  of  three,  but  many  othera  have 
been  obtained  in  Eohemia  and  deEcribed  by  Dr.  A,  Fritsch.  Among 
these  the  small  Proiriton  and  the  huge  PaUeosirm  may  be  mentioned. 
The  Permian  of  Germany  has  also  yielded  the  earliest  known 
repreeentatives  of  the  Eeptilia,  belonging  to  the  extinct  order  of 
Rhynchocephala  These  include  Froteroiaunu  and  Pakeohatteria, 
while  PanwauTua  and  Naoaawus  belong  to  a  group,  the  members 
of  which  have  only  been  found  in  the  Permian  and  Trias,  and 
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are  remarkable  as  generalised  types  with  characters  that  suggest 
aa  ancestral  relationship  to  the  Mammalia." 

The  following  are  some  of  the  most  characteristic  species  of  the 
English  and  German  Permian  : — 
PtaTita.  (Filiea):  Nenropteria  Huttonisns,  Odontopteris  obtoss, 

Csllipteris    conferts :    {SquitelMea),    C&Umites   gigts : 

(C(mi/5^ii),W»lcl]iapimformiB,W.hypnoide8,Ullm«nnU 

Bronni.  U.  1/copodtoides. 
Bryoaxi.  Feneatella  reUformis,  Sjnocladis  virKaUcea- 

Brcuhiopoda.      Camarophoria  Schlotheimi,  StrophaWa  lamellosH,  Pro- 

doctiiB  horridus,  Spirifer  alstus,  Lingula  Crednsri. 
Lamellibranehia.  Pseud omonotis     spelancaria,     Pleurophoras     costatus, 

Bakftweltia  autiqua,  B.  ceratJiphags,  Schizodus  abscmns. 

S.  Schiotheimi. 
Qattvropoda.       Lozonems    fasciatam,    Nstica    minima,     Flsnrotomaria 

antrina,  Turbo  m&ncuniensis. 
C^pJiaiopoda.      Temcocbeilua  Fiieslsbeni. 
Ftsh.  PlatysDmnastriatuB,  Pslteanisclu  oomptua,  P.  macropcmns, 

Ccslacanthug  gnnulosns,  Acrolepis  Sedgwickii,   Ehab- 

dilepls  macropt«rus. 
At>g>hiliia.  LepidotasBurus  Duffii,  Branchiasaarus  smblyatomaa,  Dasy- 

caps  Buoklandi. 
SeptUia.  Protarosaurus  Speneri. 

STRATIGRaPHY 
1.  Nor^Eaa  of  England 
Permian  rocks  occupy  the  coast -line  of  Northumberland  and 
Durham  from  Tynemouth  to  Hartlepool,  and  their  base  can  be 
followed  inlaod  from  South  Shields  to  Auckland  and  the  valley  of 
the  Teea  Where  the  beds  are  fully  exposed  the  succession  is  as 
follows : — 

Feet 
Red  marls  and  saDdstones GO 

*  g  rYellow  concretionary  limestone 200 

S  S  I  Brecciat«d  limestone  with  fossils IGO 

|,  3 1  Compact  limestone .200 

U.5  (.Brown  calcareous  shale  ("  !Aa\\  Slato  '"<,...  3 

*  "    Friable  yellow  sand from  0  to  »8 

Up  to  700 
The  yellow  sands  lie  unconfonnably  on  the  Coal-measures  and  fill 
up  hollows  in  its  surface,  bo  that  in  some  places,  as  near  Cullercoats 
on  the  coast,  they  are  nearly  100  feet  deep,  while  occasionally 
prominences  of  the  old  floor  cut  them  out  altogether. 

The  Marl  Slate,  though  seldom  more  than  3  feet  thick,  is  im- 
portant on  account  of  the  numerous  fish-remains  which  it  contains, 
and  of  which  there  is  a  fine  collection  in  the  Newcastle  Mnseum. 

•  Other  reptiles  have  been  found  in  South  Al 
Anomodontin. 
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The  highest  part  of  the  limestone  consiBts  maiDlj  of  concretions 
of  erjatalline  dolomite,  which  have  an  internal  radiating  Btnictnte, 
and  in  parts  these  concretions  are  oa  lai^e  as  cAnnon-halla 

Although  the  strike  of  the  Permian  beds  is  at  first  nearlj  in 
accordance  with  that  of  the  underlj'ing  Coal- measures,  yet  they  do 
not  participate  in  the  anticlinal  flexures,  which  give  au  east  and 
vest  strike  to  these  measures  in  South  Durham.  Near  the  valley 
of  the  Tees  the  Permian  oversteps  the  Coal-raeasuiee,  and  rests  on 
the  Millstone  Grit ;  at  the  same  time  the  greater  part  of  it  is 
overlapped  by  the  Triasaic  sandstone,  the  width  of  the  tract 
occupied  by  the  Magnesian  Limestone  being  gradually  diminished, 
till  betwe«ii  the  valleys  of  the  Tees  and  the  Ouee  only  a  narrow 
strip  of  it  remains  between  the  Trias  and  the  Carbonifei^us  rocks, 
and  this  is  hidden  by  superficial  depoaits  (see  Map,  p.  SI 8). 

Near  Bedale  is  Yorkshire  the  overlap  lessens  again,  and  the 
Permian  eiteada  southward  in  a  broader  strip  between  the  Carbon- 
iferous and  the  Trias  as  far  as  Nottingham,  for  a  diatance  of  nearly 
80  miles.  In  Yorkshire,  near  Pontefract  and  elsewhere,  the 
limestones  are  thinner,  but  the  marl  slates  are  thicker  than  in 
Durham,  and  sometimes  rest  on  white  and  yellow  sands,  which  in 
turn  rest  tm  an  eroded  surface  of  red  marls  and  sandstones  belonging 
to  the  upper  Coal-measures  (see  p.  263).  In  South  Yorkshire  the 
sacceesion  may  be  summarised  as  follows :  ^ — 

Fesh 

Upper  red  msris GO 

tipper  (Brothertoa)  limestone      ....  50  to  120 

Middle  red  marls 30  to    fiO 

Middle  limestone,  thick-bedded  .  .         160  to  200 

Lower  limeatone about  120 

Blue  limestones  and  shales 6  to    16 

Qnickeands  and  breccia 10  to    20 

From  430  to  S70 

Traced  southward  into  Nottii^haro shire,  the  Upper  Limestone 
thins  southward,  and  is  at  the  same  time  overlapped  by  the  Trias, 
BO  that  the  thickness  of  the  Permian  at  its  outcrop  is  very  much 
diminished,  being  as  follows  :^ 

Feet. 

Middle  mails  and  sandstones 20  to  30 

Magnesian  Limestone  (lower) 60  to  70 

Marl  Slates SO  to  60 

Southward  near  Eimberley  the  limestone  pasaee  into  a  yellow 
calcareous  sandstone  about  30  feet  thick,  resting  on  IG  to  20 
feet  of  shaly  marl,  with  a  few  feet  of  coarse  breccia  at  the  base.^ 
This  change  and  diminution  in  thickness  is  evidently  an  indication 
that  we  are  in  this  direction  approaching  the  southern  shore  of  the 
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Permian  aea.  The  bt«ccis  contAina  angular  fragments  of  eandetone 
and  eihale  derived  from  the  Conl-measiirea  on  which  it  KtU,  ti^ther 
with  pebbles  of  alate,  quartz,  and  quartzite,  and  it  is  not  unlikely 
that  these  were  derived  from  a  northerly  prolongation  of  the 
Chamwood  Forest  rocks. 

North  of  Nottingham  the  Triaasic  aandsl^aies  sweep  southward 
across  the  Permian,  and  westward  up  the  valley  of  the  Trent, 
concealii^  all  the  underlying  rocks. 

We  may  here  notice  the  results  of  several  borings,  which  give 
OS  some  information  regarding  the  character  of  the  formation  in  its 
eastward  snbterranean  extension. 

Near  Middlesbrough  in  Yorkshire  two  borings  were  made,  in 
1862  and  1874  respectively,  through  the  Trias,  and  into  strata 
which  appear  to  belong  to  the  Upper  PermiBii,  but  which  include 
beds  of  gypsum  and  rock  salt  that  are  not  found  anywhere  along 
the  outcrop.     The  following  is  an  abstract  of  the  borings : — 

Surface  and  eUcial  deposits 
—  .      /  Trissaio  marls  and  sandstones    . 
lYias  ■]_  g„^k  g,,j  (^„j  ppenni  in  II.)   . 

{  M>g7i«si>n  limestone  with  Schiiodna 
Pemiian  -(  Gray  limestone     .... 

I^GypsDm,  rock  salt,  and  marl 

1813  1SB5 
Far  U)  the  south,  and  nearly  due  east  of  the  southem  end  of  the 
outcrop,  another  more  complete  and  interesting  section  of  the 
Permian  was  furnished  by  a  boring  between  Scarle  and  Collingham 
near  Newark.  In  the  following  account  I  follow  Mr.  W.  H. 
Dalton,  who  had  access  to  special  information  regarding  this  boring.^ 

Faet. 

River  ({ravel 21 

Lias  and  Rbeetic 14 

Trias,     /  Kenper  marie  and  nandstonea 8113) 

1435  feet  \Biinter  sandstones  Dud  pebble  beds         .  MlJ 

/Upper  marls IIS^ 

I  Upper  mognesian  limestone 4SJ 

Permian        MarUnd  aandatona 160 

B19  feet'    1  ^'i''dle  magnesian  limeatoue flS 


Oolitic  and  shaly  limestones 
(OoarsB  grit  and  breccia    ■ 
Coal-mcasuro  shales 


From  this  boring  we  learn  that  the  Permian  series  maintains 
its  thickneES  to  the  eastward  beneath  tlie  Trias,  aud  that  the  shore 
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of  the  PermiaD  sea  muat  have  laitt  considerably  lo  the  Boutli  of 
Newark.  We  shall  see  in  the  sequel,  however,  that  the  magneaian 
IB  do  not  extend  into  Leicestersliire. 


2.  North-fFaUm  Counlia 

Lanoashire. — Grossing  the  great  anticlinal  flexure  of  the 
Pennine  chain,  we  find  beds  which  are  referable  to  the  Permian 
system  near  Stockport  and  Manchester,  on  the  southern  border  of 
the  Lancashire  coal-field  (see  Map,  p.  218). 

Near  Stockport  they  are  separable  into  two  groups :  (1)  a  lower, 
consisting  of  soft  bright  red  and  variegated  saadstones,  estimated 
at  some  1500  feet  in  thickness;  (2)  an  upper,  composed  of  red 
marls,  with  some  beds  of  hard  stone,  130  feet  The  latter  are 
only  seen  in  faulted  strips  to  the  west  of  Stockport,  being  over- 
lapped eastward  by  the  Trias.  The  same  series  is  found  near 
Manchester,  where  the  lower  beds  are  sometimes  called  the 
CoUyhuiat  sandstone ;  their  thickness,  however,  ia  much  less, 
varying  from  376  feet  on  the  east  to  only  20  and  12  on  the 
west  of  Salford.  The  upper  group  consists  of  marls  and  lime- 
stones, with  a  maximum  thickness  of  250  feet,  and  these  beds 
have  yielded  fossils  of  Magnesian  Limestone  types.  More  recently 
foasils  have  been  obtained  from  these  beds  at  Fallowfield,  and  the 
fossils  include  Sehinodui  Scklotheimi,  PUaropkorus  cottatni,  Bakewellia 
aniiqvM,  AuetUa  Havsmanni,  Natica  minima,  Turbo  heliciniu,  and 
Rimoa  Oibtoni.* 

At  Bispham  near  Ormskirk  an  interestii^  section  is  exposed 
in  the  sides  of  a  dell  called  Skillaw  Clough  ;  this  has  a  still  greater 
resemblance  to  the  north-eastern  type,  and  is  as  follows  : — 

Feet. 

Yellow  magneaian  limestone 6 

Red  anil  purple  sliales 30 

Soft  red  and  brown  saadstones 35 

Still  farther  north  several  small  outlying  patches  of  Permian 
have  been  found,  one  east  of  Preston,  another  near  Clitberoe, 
where  it  lies  on  Carboniferous  limestone,  and  a  third  rather  larger 
area  in  the  centre  of  the  Burton  coal-field  ;  these  occurrences  show 
the  beds  to  be  completely  unconformable  to  the  Carboniferous 
rocks,  just  OB  on  the  eastern  side  of  the  Pennine  anticline. 

OumbsrUmd. — No  other  remnants  of  the  Permian  have  been 
discovered  till  we  reach  the  broad  vale  of  EJen  in  Cumberland, 
where  rocka  of  Permian  age  appear  in  much  greater  force,  and 
■extend  from  Kirby  Stephen  in  Westmoreland,  by  Appleby  and 
Penrith,  to  within  about  three  miles  of  Carlisle,  where  it  is  faulted 
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down  below  the  Triasaic  (St  Bees)  Mndstone.  Tbia  tract  is 
bounded  on  the  east  by  the  great  Pennine  fault,  and  on  the  we»t 
also  it  is  faulted  for  some  distance  against  the  Carboniferous 
limeBtone,  Everywhere  the  Permian  rests  unconformably  on  the 
Carboniferous,  and  attains  a  much  greater  thickness  than  in  any 
other  district.  Bed  eandstones  and  breccia,  consisting  of  limestone 
pebbles  embedded  in  a  sandy  matrii  (locally  called  brockramt), 
are  the  moat  prominent  members  of  the  series. 

At    Hilton   Beck,   near  Appleby,    the   following   section   was 
measured  by  Mr.  Goodchild  :— 

F<*t. 

Magnesian  limestone 2S 

Hilton  shales  with  plant-remains 10 

Breccias  and  red  Bnodstonea 1 50 

Currant- bedded  red  sandstone 300 

Iiower  breccias  (brockrams)  seen  for 100 

61S 
The  limestone   has  not   yielded    any   foasils,  but   the  shales 


Tig.  »S.~«KCTIOB  THBDUaH  THE  PERHIAH  BE»  HEAR  PEHHITII  (tltec  FlOt.  Hmriui«a). 

A.  Bed  sandslone.  C.  Hignetiiin  limeitonc )  „ ,. 

RB«lsh«k.  D.  Penrith  MndsloDfl     i^^^'*"- 

F.  Ordovlclan  roclu.  G.  Carbon  iCerous  rocki. 

below  contain  UUmannia  lelaginoida,  Cardwcarput  triangviaTit, 
AUthopteris  Ooepperti,  SpkenopterU  Naumanni,  and  OdontopUrif. 
The  shales  are  interbedded  with  sandstones,  and  form  a  band 
which  expands  in  places  to  160  feet 

The  brockrams  are  thickest  to  the  south-east  round  Kirkby 
Stephen,  and  thin  out  lenticularly  in  the  red  sandstones  to  the 
north-west,  so  that  at  and  north  of  Penrith  the  whole  formation 
is  represented  by  the  bright-  red  false-bedded  sandstone  which  is 
known  as  the  Penrith  sandstone,  and  has  a  maximum  thickness 
of  1500  feet. 

Other  small  patches  of  Permian  occur  in  the  extreme  west  of 
the  county  near  Whitehaven.  The  cliffs  between  that  town  and 
St.  Bees  Head  show  the  following  succession  of  beds  ;— 
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-  /MBgnesun  limeatonB  nitli  casts  of  fossils  U 

renman^Breocia  of  limestone  fragrnenta   ....         3 
CarboDiferoiu  sandstone  of  a  purplish  gia;. 

The  breccia  rests  on  an  eroded  surface  of  the  purple  eandstone, 
Trhich  WM  formerly  regarded  aa  Permian,  but  is  now  known  to 
be  Carboniferous.  Red  sandatonee  of  the  Penrith  tjpe  occur 
inland  near  Egremont  and  Arlecdon,  but  do  not  come  into  the 
coast  section.  Casta  of  Schiizodai  and  BtdttvxUia  can  be  recognised 
in  the  limestone. 

It  should  be  mentioned  that  the  Permian  of  Cumberland  is 
everywhere  overlain  by  a  set  of  red  shales  and  marls  with  beds 
of  gypsum,  and  by  aome  these  are  classed  as  Permian  ;  but  Mi. 
Gooddiild  has  pointed  out  that  they  rest  sometimes  on  the 
limestone,  sometimes  on  the  Hilton  shales,  and  sometimes  on 
Penrith  sandstones,  so  that  there  is  a  decided  unconformity,  and 
the  marls  should  be  regarded  as  the  base  of  the  Trias. 

3.  The  Midlavd  Ccmntiet 

No  beds  comparable  with  the  m^:ue$ian  limestone,  nor  any 
beds  containing  undoubted  Permian  fossils,  have  been  found  to 
the  south  of  Nottingham  on  the  eastern  side,  or  of  Stockport  on 
the  western.  There  is,  however,  a  conBiderahle  thickness  of  red 
rocks  in  the  Midland  counties  between  the  productive  Coal- 
measures  and  the  Triassic  sandstones,  and  some  of  these  rocks 
are  probably  of  Permian  age ;  but,  as  already  mentioned  (see 
p.  261),  the  lowest  part  of  this  red  seriea  is  now  couaidered  to  be 
of  Carboniferous  age,  and  it  is  somewhat  doubtful  bow  much  of 
the  rest  can  properly  be  separated  from  the  Carboniferous  on 
the  one  hand,  and  from  the  Trias  on  the  other. 

To  explain  this  uncertainty  we  must  refer  to  the  classification 
proposed  in  1869  by  Professor  Hull,*  who  divided  the  seriea  of 
strata  which  were  then  referred  to  the  Permian  into  three  groups 
or  stages,  thus : — 

Upper — Red  and  purple  sandstones  and  marls. 
„.,,,   /Breccia  of  fsfspatbic  and  other  rocks. 

\  Sandstonea  and  marls  with  bands  of  calcareous  conglomerate. 
Lower  — Red  and  purple  sandstones  and  marls. 

It  is  now  admitted  that  the  lower  of  these  three  stages  must 
be  classed  with  the  Coal-measures,  and  it  has  been  described  on 
a  previous  page  under  the  name  of  the  Keele  Beds. 
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The  combined  thickness  of  the  remaining  middle  and  upper 
groups  is  generally  less  than  that  of  the  lower  group,  and  varies 
from  SOO  to  perhaps  800  feet.  These  beds  have  recently  been 
investigated  by  Mr.  W.  W.  Kinj^,  who  coniiders  the  breccia  to  be 
more  closely  connected  with  the  upper  than  with  the  middle 
gronp.  He  has  also  made  a  special  study  of  the  pebbles  in  the 
conglomerates,  and  shows  them  to  be  a  varied  aaaortnieut  derived 
from  all  the  older  rocks  of  the  Midland  area,  including  the 
Carboniferous  limestone  and  the  Coal-measure  sandstones,  and 
there  are  even  pebbles  of  the  so-called  "  Lower  Permian " 
sandstones.^ 

It  would  appear,  therefore,  that  the  conglomerate  group  must 
be  unconformable  to  the  Carboniferous  system  as  a  whole,  and 
that  if  any  part  of  the  Midland  succession  can  be  regarded  as 
Permian  it  is  this  central  group  with  ila  conglomerates.  The 
relations  of  the  higher  beds  are  rather  more  doubtful,  becanse 
they  have  a  wider  extension  and  their  lithological  characteristics 
are  somewhat  different.  On  the  other  band  they  appear  to  follow 
in  conformable  BQccession,  while  it  is  believed  that  tbe  lowest 
member  of  the  Trias  rests  unconformably  upon  all  the  underlying 
strata,  including  the  breccia  and  the  highest  marls.  I  therefore 
follow  Professor  Oroom  in  retaining  these  beds  in  tbe  Permian 

Consequently  tbe  Midland  Permian  may  be  regarded  as  con- 
sisting of  th]:«e  members,  but  as  it  would  obviously  lead  to  much 
confusion  if  these  subdivisions  were  termed  Lower,  Middle,  and 
Upper,  it  will  be  best  for  the  present  to  describe  them  under 
tbe  following  names  : — 


Upper  (or  Enville)  marls 100  h 

The  Trappoid  Breccia 50  ti 

The  Conglomerats  gronp 200  t( 

Total  from  COO  U 


Tbe  thicknesses  given  are  those  found  in  the  typical  districts 
of  Shropshire  and  South  Stafford.  When  followed  southward  the 
conglomerate  group  thins  out,  and  the  marls  are  overatepped  br 
the  Trias,  only  small  patches  of  the  breccia  being  seen  at  intervals 
below  the  latter. 

This  Permian  series  follows  the  eastern  border  of  the  Coal- 
measures  through  Shropshire  and  Worcester,  passing  southward 
on  to  the  Silurian  rocks  of  the  Abberley  and  Malvern  Hilla  To 
the  eastward  it  borders  the  southern  half  of  the  South  Stafford- 
shire coal-field,  but  does  not  extend  to  its  northern  extremity. 
How  far  it  extends  beneath  the  Trias  east  of  this  coal-field,  and 


.V  Google 


THE  PERMIAN  SYSTEM  287 

whether  anj  of  it  reappears  near  Coventiy  are  points  that  remain 
for  decision,  but  it  is  known  that  moat  of  the  area  coloured 
Permian  by  the  Qeolo^cal  Survey  on  the  western  side  of  the 
Warwickshire  coal-field  is  conipoaeil  of  "Lower  Permian''  bed.>, 
which  aT«  now  classed  as  Upper  Coal-measures. 

The  Midland  Permian,  as  above  restricted,  attains  its  fullest 
development  in  Shropshire,  and  is  well  exposed  in  the  neighbour- 
hood of  Enville  on  the  Staifordshire  border  (see  Fig.  93).  Another 
typical  district  is  that  of  the  Clent  Hills  in  Staffordshire,  where  the 
trappoid  breccia  attains  its  greatest  thickness,  but  the  upper  marls 
are  not  seen,  being  preaumftbly  concealed  by  the  overstep  of  the 
Bunter  pebble  beds  (Trias). 

The  following  account  refers  more  particularly  to  the  Eaville 
district,  and  has  been  compiled  from  Mr.  King's  paper. 

The  Oonglomerate  Qroup. — -This  consists  of  soft  red 
sandstones  and  red  marls  with  three  interbedded  bands  of  calcareous 
sandstone  and  conglomerate,  the  latter  consisting  of  various  pebbles 
embedded  in  a  sandy  matrix,  which  is  cemented  by  carbonate  of 
lime.  The  second  of  these  bands  is  the  thickest,  beiug  sometimes 
a  massive  conglomerate  75  feet  thick,  and  sometimes  including 
lenticular  beds  of  red  sandstone  with  a  total  thickness  of  ISO  feet. 
Both  conglomerates  and  sandstones  thicken  to  the  north-west  and 
become  thinner  to  the  south-west.  In  the  Clent  Hills  this  group 
is  represented  by  red  marls  with  three  bands  of  sandstone  and 
compact  limestone  or  comstone,  without  any  conglomerate,  but 
containing  small  fragments  of  the  older  rocks. 

The  nature  of  the  pebbles  varies  considerably  in  different  parts 
of  the  district.  Thus  in  Shropshire  about  hulf  the  pebbles  consist 
of  dolomitic  Silurian  limestone,  like  that  which  occurs  in  the 
Abberley  Hills,  the  other  half  consisting  largely  of  Carboniferous 
limestone  and  sandstone.  In  Staffordshire,  especially  near 
Baggeridge  on  the  west,  and  near  Barr  on  the  east  side  of  the 
coal-field,  the  majority  of  the  pebbles  (60  per  cent)  are  of  Carbon- 
iferous limestone,  most  of  the  remainder  consisting  of  Wenlo4:k 
limestone.  It  is  thus  a  remarkable  fact  that  these  conglomerates 
are  essentially  limestone  conglomerates,  but  contain  the  debris  of 
various  rocks  down  to  and  iaclading  the  Woolhope  limestone. 

The  Trappoid  Breoola  was  so  called  because  it  is  latgely 
made  up  of  angular  blocks  of  the  compact  felspathic  lavas  and  tuffs, 
which  were  fonnerly  known  as  "  trap."  They  are  really  rhyolites, 
homstones,  felspathic  tuffs,  grits,  and  agglomerates,  and  have 
evidently  been  derived  from  Pre-Cambrian  rocks  like  those  which 
are  known  to  occur  in  the  Lickey  Hills,  at  Bamt  Qreen  near 
Birmingham,  and  at  Nuneaton.     With  these  are  associated  many 
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fragmento  of  LlandoTery  Handstoiie  and  a  few 
of  WooUiope  limeston&  Mr.  King  remarks  on 
tlie  contrast  thua  presented  by  the  contents  of 
this  breccia  with  those  of  the  conglomerates  be- 
low, and  points  out  that  "the  pi'caence  of  the 
rocks  down  to  the  WooUiope  in  the  limestone 
J  conglomerates,  and  of  the  rocks  at  and  below 

^  the  Woolhope  [horizon]  in  the  Upper  Permian 

g  ^  trappoid  breccias,  could  be  explained  aaaily  if 
-S  9  the  area  which  furnished  the  material  to  these 
I  I  Permian  limestone  conglometates  had  been 
■I  S  eroded  down  as  a  whole  through  tlie  Cai^ 
^  S  boniferoua  to  the  Woolhope  limestone  during 
ri  j^  Middle  Permian  time,  while  in  the  succeeding 
B  x^  trappoid  breccia  period  suboerial  denudation 
I  £  if=  cut  through  the  Woolhope  limestone  and  Llan- 
n  HPiE  dovery  sandstone  deep  down  into  the  Archaan 
■I  "^"^      series"  (oj).  ctt  p.  126). 

g  Anotlier   remarkable    fact    connected   with 

e  this  breccia   is  that   many  of  the   blocks   are 

5  very  large,  and  that  some  of  them  ore  scratched 

S  or  striated,  the  striations  resembling  those  of 

;  r  glaciated  stones,  so  that  Sir  A.  Ramsay  was 
<'  J  led  to  infer  the  existence  of  glaciers  and  glacial 
^  S  monines  to  account  for  them.  This  view, 
h  ^_^  however,  has  not  been  sustained,  and  the 
K  E  striations  are  now  attributed  to  the  grinding  of 
S  3  rock-fragments  against  one  another  during  the 
g  "S  manj  subsequent  earth-movemeDts  which  they 
g      "3 '     have  experienced. 

^      S  S  This     breccia    can     be    traced     sautbwaid 

g  .Sq  J  through  Worcestershire,  where  it  is  often  called 
3  |^§  the  Haffield  breccia,  from  its  occurrence  on 
°  Sts  Haffield  Hill  near  Great  Malvern.  This  is  its 
~  fi!=f  niost  southerly  outlier,  but  others  occur  on  the 
^  .r"  Abberley  Hills,  restii^  on  SUurian  and  Old 
T  *  "       Red  Sandstone. 

S  The    ElnvUld  UorlB  are  only  found  in 

^  Shropshire,  and  are  not  seen  farther  sonth  than 

Enville,  though  they  doubtless  extend  much 
farther  southward  beneath  the  Trias.  They 
include  a  hand  of  breccia  which  near  Enville 
is  60  feet  thick,  but  thins  out  to  the  north-weat, 
while  the  thickness  of  marl  increases  in  tlutt 
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direction.     It  is  clear,  therefore,  that  the  materials  of  thia  breccia, 
aa  of  the  main  masa,  came  from  the  south  and  Bouth-eaaL 

4.  LeicaUnhiTt 

In  Leiceaterahire  there  are  a  few  small  but  interesting  depoeita 
of  Permian  age,  which  have  been  carefullj  atudied  and  deacribed 
by  Dr.  H.  T.  Brown  and  Professor  Bonney.''  They  consist  of  gray 
breccias,  gray  sandstones,  and  red  marls,  not  more  than  60  feet  thick 
in  Leicester,  but  aa  much  as  200  at  Polesworth  in  North  Warwick. 
The  breccias  thicken  to  the  south  and  thejnarls  to  the  north,  and 
their  thickness  may  originally  have  been  greater,  as  they  are  over- 
lain anconformably  by  the  Trias. 

The  pebbles  in  the  breccias  consist  of  the  following  kinds  of 

(1)  The  larger  number  (about  60  per  cent)  are  felspathic  grits 
or  quartzites,  derived  from  the  Cambrian  quartzitea,  but  differing 
slightly  from  those  exposed  at  HartshilL 

(2)  Gritty  8lat«s  from  the  same  series,  averaging  17  per  cent 

(3)  Flinty  slates  and  ot^ilUtes,  possibly  from  the  Chamwood 

(4)  Volcanic  rocks,  some  being  felsitea  and  andeaites  from  the 
pre-Cambrian  (Caldecote)  series,  some  of  a  rock  which  may  have 
come  from  Cbarnwood,  and  Dioritea  like  those  in  the  Cambrian 
near  Nuneaton. 

(5)  Fragments  of  Carboniferous  grite,  clay,  ironstones,  and 
hwmatite ;  these  are  common  in  some  places,  but  pebbles  of 
Carboniferous  limestone  are  rare,  except  at  Polesworth. 

In  most  oF  the  exposed  breccias  over  SO  per  cent  of  the  frograeat* 
come  from  the  Cambrian  quartzLte  series,  and  Dr.  Brown  shows 
that  they  have  probably  been  derived  from  a  buried  ridge  of  these 
rocks  which  underlies  Market  Bosworth  and  runs  parallel  to  the 
well-known  Hsrtshill  ridge.  This  buried  ridge  appears  to  be  a 
faulted  anticline,  and  so  exact  ia  the  parallelism  between  these 
ridges  and  the  principal  faults  of  the  Leicestershire  coal-field  that 
they  may  safely  be  attributed  to  the  same  period  of  earth-movement. 
Theae  faults  are  known  to  be  poat- Carboniferous,  and  the  undis- 
turbed way  in  which  the  breccias  lie,  bridging  over  the  faults, 
makes  it  very  probable  that  they  are  of  Permian  age. 

5.   DeconikiTe 
The  only  other  area  in  England  where  Permian  rocks  occur  is 
in  Devonshire  (see  map.  Fig.  56.)     Here,  as  in  the  Midlands,  a  set 


.V  Google 


290  STKATIGBAPHICAL  GEOLOGY 

of  BondBtonea,  breccias,  and  marls  underlie  the  Trias  and  rest  uncon- 
fotmablf  upon  all  the  older  rocks  ;  and  though  no  foadls  have 
been  found  in  them,  and  though  there  is  no  great  break  between 
them  and  the  Trias,  yet  thej  are  now  generally  believed  to  be 
of  Permian  age.  Thifl  view  has  been  confirmed  by  Herr  von 
Reinach,  who  remarks  upon  the  close  similarity  of  the  Devon  breccias 
to  Chose  of  the  Oerman  "  Rothliegende "  in  the  Hunaruck  district 
between  Treves  and  Bingen.^  The  examination  of  the  Devon  and 
Somerset  area  by  Mr.  Ussber  has  resulted  in  the  establishment  of 
the  following  succession  : — 

F»t. 
Rad  marls  with  occasEoDBi  sandstones  (?  Pennian^ .      about    500 

Ked  Bondatones 250  to    400 

R«d  confflomeTate  and  breccia  .     900  to  1 100 

Difk  red  Watoombe  clays  (local)   .  .    100  to    ISO 

Maxim  am  about  2000 
The  Watcombe  clays  occupy  some  little  space  north  of  Torquay 
by  Watcombe,  Barton,  and  Daccombe,  and  they  reappear  between 
Teignmoath  and  Bishopsteignton.  They  consist  of  fine  dark  red 
clay  which  has  long  been  used  for  the  manuFacture  of  teira-cotta 
ware,  and  it  is  also  extensively  dug  for  the  making  of  tiles  and  haid 
bricks.  The  depoait  aeema  to  fill  a  broad  hollow  in  the  Paheozoic 
rocks,  for  it  is  overlapped  by  the  breccias  both  to  the  south  and 
the  west. 

The  overlying  breccias  consist  in  the  lower  part  of  conglomerate 
and  breccia,  in  which  fragments  of  Devonian  limeatane  are  abundant. 
These  beds  are  well  exposed  in  the  fine  cliffs  between  Bubbicombe 
and  the  estuary  of  the  Teign,  aad  their  thickness  ia  estimated  at 
from  400  to  SOO  feet,  but  the  frequent  faults  make  the  estimate 
uncertain.  The  higher  brecciaa  differ  in  containing  a  larger  pro- 
portion of  derived  volcanic  rocks,  chiefly  of  a  peculiar  red  qnartz- 
porphyry,  and  some  of  the  boulders  ore  of  large  aize.  This 
portion  has  a  thicknesa  of  from  600  to  600  feat,  so  that  the 
total  thickness  of  breccia  is  about  1000.  These  breccias  stretch 
northward  beneath  the  Haldou  Hills,  but  the  material  becomes 
much  less  coarse  in  that  direction  ;  they  aend  a  long  tongue  west- 
ward along  the  Crediton  valley  and  pass  northward  by  Tiverton 
into  Somerset,  but  become  greatly  diminished  in  thickness. 

Near  Dawlish  the  breccias  graduate  upward  into  sandstones 
which  paaa  northward  to  Exeter,  and  these  are  succeeded  by  red 
marls  with  lenticular  beds  of  aandatone,  which  seem  to  be  an 
upward  continuation  of  the  series.  If  so,  they  ought  to  approach 
the  horizon  of  the  m^nesian  limestone,  but  uo  fossils  have  yet 
been  found  in  tbem,  and  they  may  be  of  Triassic  age. 
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e.  Ireland 


Boeka  of  Permian  age  ate  only  found  at  two  or  three  plaoea 
in  the  north-east  of  Ireland,  and  they  are  eimilar  to  those  in 
Cmnberland,  including  repreaenlativea  of  both  the  arenaceous 
and  calcareous  portiona  of  the  seriea. 

Mc^eei&n  limestone  has  been  fonnd  at  two  localities :  one 
at  Tullyconnell,  near  Ardtrea,  County  Tyrone;  the  other  at 
Cultro,  on  the  Boutberu  shore  of  Belfast  Lough,  where  they  rest 
on  red  marie,  and  are  faulted  against  Carhouiferons  rocks.  Shells 
of  S<Aixodiu,  BakeuxUia,  etc.,  have  "been  found  in  them,  proving 
their  identity  with  the  Durham  limestones. 

Shore-beds  of  Permian  age  have  been  identified  by  Profesaor 
Hull  as  occurring  beneath  the  city  of  Arm^h,  the  exposure  at  the 
Arm^h  marble  quarries  being  as  follows : — 

3.  Boulder  beds,  resting  on  coDglomente  1  ^^  ,    . 
2.  Limestone  breccia  J™  ''^*- 

1.  Carbon  iferous  limestone, 

The  rocka  here  are  of  a  deep  red  colour,  rudely  stratified,  and 
the  breccia  at  the  base  consists  of  limestone  fragments  in  a  matrix 
of  compacted  sand,  like  the  Brockram  of  Cumberland.  The  blocks 
in  the  overlying  boulder  bed  are  of  all  sizes  up  to  two  feet  in 
diameter,  and  consist  of  purple  grila  and  felspathic  sandstones 
derived  from  the  Silurian  and  Old  Red  Sandstone  districts  to  the 
north  or  west. 

Paruiah  Volcanic  Rockb 

If  all  the  Scottish  New  Bed  is  referable  to  the  Triaa  (see  p. 
319],  Devonshire  is  the  only  British  area  where  contemporaneous 
lavas  occur  in  Permian  strata. 

Extensive  sheets  of  lava  are  associated  with  the  Permian  breccias 
of  Devon,  and  the  recent  survey  by  Mr.  Usaher  shows  that  they 
occur  in  three  localities,  one  west  of  Elxeter,  a  second  extending 
about  twenty  miles  from  Eellerbin  towards  Crediton,  and  a  third 
near  Tiverton.  The  sheets  of  lava  arc  of  no  great  thickness,  but 
are  interbedded  with  f^lomerates  and  ashy  breccias ;  some  are 
basalts  and  others  are  andesitee,  and  they  include  slaggy,  amyg- 
daloidal,  and  pumiceous  varietiea 

The  Peruiah  of  Ecropb  and  Asia 

Rocks  which  are  more  or  less  similar  to  the  British  Permians 
have  been  found  in  Germany,  Bohemia,  Bavaria,  Poland,  and 
Russia ;  while  a  different  facies  occurs  in  Eastern  Russia,  Central 
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Aaia,  India,  Carinthia,  and   Sicily.     It  will   Buffice  to  give  here 
brief  notices  of  tlie  beds  in  Germany,  Russia,  and  India. 

Oenuany. — The  typical  Permian  or  Dyaaaic  series  of  Germany 
is  found  in  the  Thuringerwald  and  on  tbe  fianks  of  the  Hartx 
Uountains.  Here  it  cunsiats  of  two  principal  members  ;  (1)  the 
Bolite  -  I'Ugendtf  a  group  of  red  sandstones  and  conglomerates 
resting  unconformably  on  the  Coal-measurea,  and  varying  greatly 
in  thickness  :  (2)  the  Zeehitein,  a  magnesian  limestone  with  a  thin 
band  of  black  abale  at  the  base,  called  Kupfer-Khiefcr  (copper-slate), 
which  is  the  exact  analogue  of  our  Marl-slate.  The  lower  part  of 
the  Zechstein  is  a  massive  thick-bedded  limestone,  tbe  upper  part 
consists  of  red  ahaly  clays  with  beds  of  gypsum  and  of  thin-bedded 
limestone  {PlaUen-doUnaitj.  Its  upper  surface  is  eroded  and 
covered  by  soft  eholy  sandstones  locally  termed  the  Bunter. 

It  is  on  account  of  the  persistent  development  of  these  two 
groups  in  Northern  and  Central  Germany  that  tbe  system  has  been 
termed  the  Dyas.  But  when  this  Dyas  is  traced  southward  into 
Bavaria  and  Bohemia,  the  calcareous  members  die  out,  while  the 
arenaceoua  members  increase  in  thickness,  till  the  whole  series 
consista  of  sandstone  and  conglomerate  with  only  thin  local  beds 
of  limestone  or  calcareous  breccia.  This  lateral  change  of  sedi- 
mentary type  is  analogous  to  that  which  takes  place  in  England, 
and  in  both  countries  the  upper  part  of  tbe  arenaceous  group 
may  be  correlative  with  the  upper  part  of  the  calcareous  group. 

Bussia. — The  Permian  rocks  ceem  to  have  extended  continu- 
ously eastward  from  Germany  through  Kussia  to  the  Ural  Moun- 
ttirm,  on  the  flanks  of  which  they  are  largely  developed,  and  it 
was  from  the  ancient  kingdom  of  Pennia,  which  included  tbe 
modem  provinces  of  Perm,  Kasan,  Orenburg,  etc.,  that  Sir  R,  I, 
Uurchison  gave  these  rocks  the  name  of  Permian.  Here  they 
form  a  thidc  alternating  series  of  sandstones,  marls,  limestones,  and 
red  clays,  which  lie  almost  horizontally  and  extend  over  many 
thousand  square  miles.  Some  of  the  beds  contain  Zechstein 
fossils,  but  these  alternate  with  plant-bearing  beds. 

Farther  east,  however,  on  the  western  slopes  of  the  Ural 
Mountains,  the  lower  beds  become  marine  and  have  a  special 
facies  with  a  fauna  which  is  transitional  between  the  Carboniferous 
and  the  Permian.  This  was  described  by  Karpinsky  in  1974  as 
the  Artinskian  stage  {ArtiMhiKite  ilage)  ;  its  fauna  includes  many 
bracbiopods  of  Carboniferous  species,  such  as  Prodvcliu  cora, 
Spinfer  lititatiis,  but  these  are  associated  with  Ammonoid  Cephalo- 
poda referable  to  the  Indian  genera  Medlicottia,  ThaUutoeemt,  and 
others     The  general  succession  is  given  on  p.  293. 

India. — In  the  northern  part  of  India,  and  especially  in  the 
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hiUs  known  ee  the  Salt  Ruige,  there  ia  a  complete  passage  from 
the  marine  Upper  Caiboniferoua  into  rocks  of  Triaasic  age.  The 
whole  series  is  marine,  and  has  been  termed  by  some  writen 
"  Permo-CarboniferouB "  ;  but  if  a  Permian  eystera  is  reci^iaed  at 
all,  this  Indian  series  should  be  regarded  as  one  t3'pe  of  its  normal 
marine  development.  It  consists  mainly  of  limestones  in  which 
species  of  Frodwtvi  are  so  abundant  that  they  were  called  "the 
Froductus  limestones "  by  Wat^n.  His  "  Lower  Productus 
limestone,"  however,  occurs  in  the  Speckled  sandstone  ecries  which 
ia  now  regarded  as  Upper  Carboniferous,  bo  that  it  is  the  lliddla 
and  Upper  Productus  limestones  which  form  the  Permian  series, 
Waagen's  subdivisions  and  their  correlatives  in  Buasiaand  Germany 
an  given  below. 

Gcrmnf .  B.  Rnnis.  Indln. 

,_  ,  /Eed  clays  with  bods  ofl  _      ,    ,  1  _ 

lUarls  and  unds  within,,,,    .    ,  iW^% 

Middle  Zechrteift       ]     Produdua    canerini,  ["  „„  ,^  •  | 


Lower  Zechstein  and  f  Dolomites,  marls,  and  j  Upper  beds 

EupferBchiefer      i     sands    with    marine  i-Middle  beds 

Rotbliegende  (    fossile  (Artinskian)    J  Lower  beds 

The  fauna  of  the  Lower  Permian  of  India,  i.e.  ibe  Middle 
Productus  limestone,  has  many  species  in  common  with  the 
Fasulina  limestone  of  Russia,  but  along  with  Carboniferous  brachio- 
pode  are  also  Permian  species  such  as  Stro^ialofia  excamUa  and 
CantaropKoria  hwn^Utonensii,  and  also  some  peculiar  gigantic 
Thecidte  {Lyttonia  and  Oidhainina)  and  the  Permian  Bryozobn 
Folypora  biarmiea.  In  the  upper  division  are  Ammonoids  of  the 
genera  MedlicoHia,  Fopanoceras,  Arcette*,  and  othera,  with  many 
bivalves  of  the  genera  Myophoria,  Lvcma,  and  Lima,  which  are 
Mesozoic  genera. 

Physical  and  Gboqraphical  CoNDirioNa 
In  Chapter  VI.  the  Carboniferous  period  was  described  as  on« 
of  quiescence,  during  which  the  forces  of  terrestrial  disturbance 
were  in  abeyance ;  but  as  a  calm  often  precedes  a  storm  in  the 
atmosphere,  and  as  a  great  stillness  often  forebodes  an  earth- 
quake, so  in  the  earth's  history  a  period  of  quiet  deposition  and 
rock-making  has  often  been  followed  by  a  period  of  disruption 
and  rock- destruction.  Certain  it  is  that  the  calm  of  Carboniferous 
times   was   foUowed  by  an   epoch    of  great   disturbance   in   the 
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European  and  Atlantic  areas,  causing  moveraenta  which  produced 
very  great  ge(^:raphical  changes  in  ihe  northern  hemisphere. 

The  nnconformitf  which  exists  in  Heme  localities  between  the 
upper  and  the  older  Coal-measuree  ahowa  that  aome  disturbances  and 
fleiuring  took  place  before  the  cloae  of  the  Carboniferoua  period, 
but  the  stratigraphical  relations  of  the  Permian  to  the  Carboniferous 
series  as  a  whole  make  it  clear  that  much  more  forcible  raoTementa 
took  place  after  the  deposition  of  the  Coal-meaaures.  From  the 
lie  of  the  beds  in  the  north  of  England  it  is  evident  that  the  east 
and  west  axes  of  flexure  were  produced  in  the  interval,  but  it  is  not 
quite  certain  that  the  north  and  south  axis  of  the  Pennine  Range 
was  pre-Permian.  There  are  good  reasons,  however,  for  thinking 
that  its  uplift  began  at  this  time,  and  that  the  Magneaian  Limestone 
never  spread  completely  over  the  whole  length  of  the  Pennine 
hills  i^  at  the  same  time  it  is  probable  that  the  western  lake  or 
inland  sea  was  not  entirely  isolated  from  the  eastern  and  larger  sea. 

It  is  quite  possible  that  the  north-weetern  area  of  deposit  was 
continuous  with  that  of  the  weetem  Midlands,  and  it  would  appear 
that  this  latter  ares  was  bounded  on  the  south-east  by  a  range  of 
hills  which  consisted  mainly  of  Cambrian  and  pre-Cambrian  rocks. 
The  reasons  for  assuming  the  existence  of  such  a  range  have  been 
given  on  p.  289  ;  they  have  been  termed  the  "  Mercian  Highlands," 
and  their  wom-down  stumps  must  now  be  concealed  beneath  the 
Neozoic  rocks.  The  general  direction  of  this  range  of  hills  is 
described  by  Professor  Lapworth  as  "  crossing  the  Midlanda  along 
a  north-east  and  south-west  line  from  Chamwood  through  the 
Liokey  Hills  towards  the  Abberley  and  Malvern  Ranges.'' 

It  seems  probable,  therefore,  that  the  Devon  and  Somerset  area 
was  entirely  separated  from  the  more  northern  basins,  and  as  the 
east  and  west  axes  of  Brittany  appear  to  be  part  of  another  pre- 
Permian  upheaval,  this  south-western  basiu  may  have  been  an 
isolated  lake,  and  possibly  one  of  fresh  water  supplied  by  many 
streams  descending  from  ttie  high  land  to  the  west  and  south  of  it 

Professor  Suess  has  pointed  out  that  several  important  old 
mountain  ranges  date  from  the  epoch  of  change  from  Carboniferous 
to  Permian  conditions.  That  of  which  Brittany  was  a  part  he  calla 
the  Armorican,  and  thinks  it  extended  from  Southern  Ireland  to 
the  central  plateau  of  France  ;  another,  the  Ibtrian,  he  traces  from 
Oalicia  and  Northern  Portugal  to  the  Ouadalquiver  in  Southern 
Spain  ;  a  third  is  the  Hercynian  range  of  the  Hartz  Mountains  in 
Germany,  and  a  fourth  the  VarUeian,  running  from  Central  France 
to  the  north  side  of  the  Carpathians. 

By  these  uplifts  the  open  Mediterranean  sea  of  the  Carboniferous 
period  in  Europe  was  converted  into  a  hxge  inland  sea,  like  the 
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Caspian  of  the  present  day,  surrounded  bj  a  TOckj  and  hilly 
coatinent,  on  which  grew  trees  and  plants  of  various  kinds,  filanf 
of  these  plants  are  closely  allied  to  those  of  the  Carboniferoaa,  but 
species  belonging  to  the  Yew  and  Fir  tribes,  which  flourish  on  dry 
ground,  preponderate  over  the  reeda,  ferns,  and  gigantic  lycopodis 
which  flourished  in  the  Coal-measure  swamps. 

The  nestem  part  of  thia  inland  sea  stretched  across  the  centre 
of  what  is  now  the  North  Sea,  and  covered  a  considerable  part  of 
Northern  England,  the  Pennine  hills  being  either  a  chain  of  iBlanda 
or  B  double  peninsula  with  intervening  straits,  by  which  the  waters 
of  the  North  European  sea  communicated  with  a  western  ealt--lake 
coverii^  the  north-weat  of  England  and  parts  of  Eastern  Ireland. 
Until  recently  some  red  sandstones  in  the  south  of  Scotland  were 
referred  to  the  Permian,  but  these  are  now  regarded  as  Trias,  and  the 
probability  is  that  a  large  area  of  land  stretched  continuonslj  from 
the  north  of  Ireland  across  Scotland  and  the  northern  part  of  the 
North  Sea,  and  across  Scandinavia  into  Russia. 

The  slopes  which  bordered  the  great  inland  sea  and  its  sub- 
sidiary lakes  seem  in  many  places  to  have  been  very  steep,  for  it  is 
only  on  such  slopes  that  the  coarse  breccias  and  brockrams,  which 
are  so  prevalent  both  in  England  and  Germany,  could  have  been 
accumulated.  The  size  and  angularity  of  the  blocks  in  them  show 
that  the  materials  have  not  travelled  far,  but  are  such  as  are 
formed  at  the  foot  of  many  mountain  ranges  at  the  present  day. 

In  those  parts  of  the  sea  which  were  more  distant  from  high 
land  limestones  were  formed,  and  their  magnesian  character  suggests 
that  they  were  partly  of  the  nature  of  chemical  precipitates. 
Finally,  toward  the  close  of  the  period  a  farther  upheaval  took 
place,  the  seas  were  still  more  contracted  and  were  partially 
desiccated,  so  that  the  water  became  more  saline,  a  process  which 
resulted  in  the  formation  of  thick  deposits  of  rock  salt  and  gyfsiun. 
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-    CHAPTER  Xni 

THE  TR1AS3IC  ST8TBM 

With  the  close  of  the  Permian  period  the  last  remD&nt«  of 
Palfflozoic  life  became  extinct  in  the  British  area,  and  when  after 
a  long  continentai  period  the  western  and  northern  parts  of  Europe 
were  again  submerged  beneath  the  sen,  the  waten  were  tenanted  hy 
a  very  different  set  of  generic  fonng.  The  Paleeozoic  groups  of  Cjstid 
and  Blactoid  EchinodenuB,  Rugose  Corals,  EuTTpterids,  Trilotiites, 
Ooniatites,  and  Orthoceratidie  are  no  longer  represented,  their 
place  being  taken  hy  the  Euechinoidea,  Aporose  Corals,  Siphoaat« 
Qasteropode,  and  Cephalopode  of  the  Ammonite  and  Belemnite 
type  ;  many  orders  of  Reptiles  appear  for  the  first  time,  and  the 
earliest  Manunal  jet  known  occurs  in  the  upper  beds  of  the  Trias. 
Even  where  a  continuoua  aeries  of  marine  deposita  bridges  over 
the  gap  in  the  history  of  marine, life  which  exists  in  Ivnrthern  Europe 
we  find  that  the  above  remarks  are  still  practically  true,  for  the 
only  exception  is  the  existence  of  a  single  species  of  Orfhoemu  in 
the  Trias  of  the  Alps.  For  reasons  which  cannot  yet  be  fuHy 
explained  the  Triassic  period  seems  to  hare  been  one  of  rapid 
Clonic  change  and  derelopment,  and  in  no  class  is  this  more 
beautifully  illustrated  than  in  that  of  the  Cephalopoda,  the  Alpine 
Trias  presenting  us  with  a  remarkable  assemblage  of  genera  which 
practically  connect  the  Palteozoic  Clymeniaa  and  Ooniatites  with 
the  Ammonites,  which  are  bo  characteristic  of  the  Mesozoic  periods. 
The  British  Trias  belongs  to  the  North  European  type,  which 
is  most  completely  developed  in  Germany,  and  has  there  been 
divided  into  three  great  groups,  with  the  following  names : — 

3.  Eeuper  (red  marls  and  sandstones). 

2.  Muecbelkalk  (marine  limcstonea). 

1.  BUDter  (red  marls  and  BandatoDGs), 

Id  Britain  there  is  no  representative  of  the  Muschelkalk,  but 
only  of  the  Bunt«r  and  Eeuper-     The  British  and  German  strata. 
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being  the  depoaita  of  inland  teas  and  salt  lakes,  comparable  nith 
the  Caspian  Sea  of  the  present  day,  cannot  be  regarded  aa  the 
typical  deposits  of  the  period.  For  the  normal  marine  faciea  of  the 
Trias  we  must  go  to  the  Alps,  and  the  stndent  cannot  understand 
the  true  relations  of  the  Triassic  system  to  those  which  precede  and 
follow  it  until  he  baa  learnt  eomethii^  about  the  important 
marine  faciea  of  the  formation  which  exists  in  the  Tyrol  and  extends 
throughout  Southern  Europe. 

Moreover,  this  marine  faciea  has  a  wide  extensioii  over  other 
parte  of  the  world  ;  it  spreads  through  Southern  Europe  from  Spain 
to  Hungary  and  the  Balkans,  it  ia  found  In  Turkestan,  Central 
Asia,  and  the  Himalayas,  and  a.  similar  marine  Triossic  system 
occiira  in  Siberia,  Japan,  North  America,  and  again  aouthwud  in 
Columbia,  Peru,  New  Zealand,  and  Auatralio.  In  Soath  Africa,  in 
South  India,  and  in  Argentina  red  sandstones  with  reptilian 
remains  are  found,  and  these  regions  aeem  to  have  formed  part  of 
other  Triaaaic  continents,  la  this  volume,  however,  it  ia  only 
possible  to  give  a  brief  account  of  the  Alpine  Triaa. 

1.  The  Triab  of  the  Alpine  Beoioh 

The  Marine  Fauna. — The  fauna  of  the  Alpine  and  Tyrolian 
Triaa  preaenta  us  with  an  interesting  mixture  of  Paleozoic  and 
Neozoic  forms  of  life,  though  the  former  are  in  a  decided  minority, 
the  proportion  of  species  belonging  to  genera  which  arc  essentially 
Palieozoic  being  stated  as  only  one-tenth  of  the  tolal  number  of 
species  composing  the  fauna. 

The  Cephalopoda  are  a  remarkable  assemblage.  A  single  species 
of  OrtJiOcerat  with  some  of  Temnocluilui  and  PUuTonautilta  connect 
it  with  PalteoEoic  faunas,  while  the  genus  Naaliliti  (as  now  re- 
stricted) makes  its  first  appearance.  The  Ammonoidea,  however, 
are  the  dominant  forms,  and  include  many  genera  with  nearly 
simple  lobes,  such  as  Cemtittt,  LobiUs,  Troyita,  ArcetUe,  Gladieeites, 
and  Pinaeoceras,  as  well  as  genera  with  phvUifurm  lobes,  such  as 
Trachyeeras,  Ptyehitee,  PkyUocerat,  and  Megapkyllilee.  There  are 
also  precursors  of  the  Belemnitidte  in  Aulacoeerat  and  AtTtictiles, 

Gastropoda  ore  abundant,  and  include  representatives  of  the 
Palieozoic genera MKrc7l^8on^«,  Loxantma,  Natk^ms,B,n(l  Euomphalus, 
with  the  Neozoic  types  of  Trockus,  TuTTiUlla,  Scalaria,  Cerithiwtt, 
and  Pteiidomdatiia,  as  well  as  peculiar  forms  which  have  been  named 
NaticeUa,  ChUoq/clTU,  and  Ptycho$toma. 

Of  Lomellibranchs  Poddonomya,  Mtgalodon,  and  Myophoria 
(which  is  probably  inseparable  from  Sehdzod'os)  connect  the  fauna 
with   Falfeozoic  life,  whUe  certain  genera  are  specially  Triaaaic, 
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such  as  Makbia  {DaonttUt),    M<motU,  Cauianella,  Tri^onodiu,  and 


^     fCw 


Fig.  >t.-0«oi: 
1.  ronldonoinys  CiMi 
■i.  NatieelU  ttwUU. 
3.  Fllclgrrn  triitonBlLi 
5.  PtychiUii  etudeii. 
0.  Centit«  UMJanui 


it.  Dkaoctinux  grac 

Aiwplophora.     There  are  many  wpreBenUtiveB  of  Nueula,  Avicula, 
Gerviliia,  Peeten,  and  Lima,  and  the  following  genera  make  their 
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first  appearance : — VelopecUn,  Plicatula,  Mytilvs,  Lucina,  Sphara, 
Cardita,  Unicai'dium,  FrotoeardiuTn,  and  ffomomya. 

The  Bractiiopoda  indude  the  last  survivors  of  the  ancient  genera 
Athyris,  Cyriina,  with  some  cloaelj  related  but  speciallj  Triassic 
formB,  BEoh  aa  Konirtckina,  Tktco^ra,  and  the  Athyroidg,  which 
were  formerly  referred  to  Rebda,  but  which  Bittner  has  separated 
under  the  names  of  PUeigera  and  Pentadinella.  Besides  theee, 
epedes  of  TerelmUida  and  WtynchmuUa  are  abundant. 

Among  Echinoderms  Cidaru  and  Hemiddarit  make  their 
appearance,  and  the  Crinoid  Dadomnut, 

Corals  (Anthozoa)  also  occnr,  especially  in  the  limestones  of  the 
Upper  Trias,  and  belong  chiefly  to  Cladophyllia,  Oalamophyllia, 
Thecofmilia,  Imttrea,  and  Thatnntutrea. 

Calcareous  algte,  however,  are  the  chief  limestone  builders,  and 
have  been  described  under  the  names  of  Diplopora  and  Gyroportlla. 

Stratl^nvpliy. — The  Triassic  system  has  no  great  thickness 
in  the  Central  Alps,  but  attains  a  great  development  in  the  well- 
known  Dolomite  Mountains  of  the  South  Tyrol  and  Camic  Alps, 
and  also  in  the  Vorarlberg,  in  North  Tyrol,  Salzburg,  and  Bavaria, 
on  the  northern  side  of  the  main  crystalline  axis  of  the  Alpine 
chain.  The  succession  of  beds  forming  the  lower  and  middle  ■paita 
of  the  system  in  the  northern  districts  differs  considerably  from 
that  in  the  southern,  but  the  higher  portions  from  the  Raibl  beds 
upwards  are  similar  in  both  regions.  Hence  it  has  been  inferred 
tliat  there  were  at  first  two  separate  seas  or  marine  provinces  which 
were  not  united  until  the  later  part  of  the  Trjassic  period  ;  the 
northern  province  has  been  colled  the  Juvavian,  and  the  southern 
the  Mediterranean  province. 

The  thicknesses  of  the  several  divisions  vary  much  in  different 
districts,  but  the  total  thickness  in  the  North  Tyrol  is  supposed  to 
be  about  6000  feet,  while  in  the  South  Tyrol  it  is  probably  about 
8000  feet  The  following  table  sliows  the  general  succesaion  in 
the  two  regions  :  ^- — 


of  large  Hegalodinia.       * 
8.  Raibl  beds,  dolomitic  marls  and  limestonea  with  TTOtkyceras  aoitoUUi, 
Myophoria  ^e/enUini,  and  Caniita  Ouinbeli. 

{ikmtbem  Prorlnce).  i  (Nortbsm  FrovinCB). 

.  The  Schlem  dolomite,  faw  fossils.    Urpar     Hallatadt    liraestonas  with 
.  3t.    Casiian    beds,    maris    with.      TropidiUi  subbuHal'ua  and  AreetUi 
mnny  fossils,  TradiycrraM  aon,        ruJicr. 

Caaianella  ffri/pheola,  GardiUi  i  Lower    Hullstadt    limestones   with 
creiwrfff,  etc.  PinaoHxras      parma      and      P. 

MtUemichi. 
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(Southem  Fiovliua).  KNorUiBmlPniTlBcse^ 

5.  Wengeu   beds   with   Traehyeerai  Zlunhach  beds   with    ChorOtoeerat 

arthelaaatixid  Haiabvi  Lonimeli.  Hautri. 
t.  Bnchenstein    beds,     Traekycenu 

3.  HendoU  dolomite  with  CeraHUt 

Irinodoaua. 
2.  VirglorialimeatoDe,  C  binodostu.    Reifling    limestone    with    CenUitea 
trinodoiai. 
QutteuBtein  limeBtone,  C.  bijKdotlu. 
1.  Werfsn  beds,  red  sh&lea  >nd  sandj    Gimpil  Bhalei  or  Werfeu  hedi  with 
limeatooea  with  Ceratilts  eassi-       Ifatictlla  costata. 
anttJ  and  Naticflla  coitaia. 

Of  the  ten  groups  above  indicated  No.  1  is  regarded  as  the 
equivalent  of  the  QermBn  Bunter,  Noa.  S  and  3  of  the  MuscheUalk, 
Nos.  4  to  9  of  the  Oerman  Keuper,  Euid  No.  10  of  the  Rhietic  Beds, 
which  extend  over  Northern  Europe.  Mojsisovics  haa  grouped  the 
whole  euccession  into  five  stagea,  hut  the  delimitation  of  these  ia  not 
very  aatiafactory.  More  recently  he  has  proposed  a  series  of  Eonal 
subdivisions  characterised  by  special  Ammonites,  and  these  will 
probably  be  of  much  assistance  in  working  oat  the  comparative 
atratigraphy  of  the  two  regiona. 

2.  Thb  Thus  or  Oebm ant  and  Britain 

Pasaing  northward  from  Austria  and  Hungary  across  Bohemu 
and  Baveria  the  Trias  is  found  again  in  Southern  and  Central 
Qermany,  but  there  exhibits  a  very  different  faciee.  It  consists 
largely  of  red  marie  and  sandstones  with  deposits  of  gypsum  and 
rock  salt,  beds  which  have  evidently  been  formed  iu  a  l&rge  inland 
sea  or  salt-water  lake.  As  already  mentioned,  the  German  Trias  is 
everywhere  divisible  into  three  parts,  known  as  the  Bunter,  the 
Muschelkalk,  and  the  Eeiiper,  and  though  the  Muachelkalk  may 
be  considered  a  marine  deposit  because  it  contains  fossils  of  the 
same  marine  genera  which  occur  in  the  lower  part  of  the  Alpine 
Trios,  yet  this  fauna  is  a  amall  one  so  far  as  number  of  species  is 
concerned.  It  is  not  the  fauna  of  an  open  sea,  but  of  an  inland 
baain  temporarily  connected  with  the  southern  sea,  and  this  fauna 
never  penetrated  into  the  British  region. 

Of  more  interest  to  British  geologists  are  the  remains  of  the 
terrestrial  and  lacustrine  creatures  which  occur  in  the  German 
Bunter  and  Keuper,  because  many  of  them  have  been  found  also 
in  the  British  Trios.  The  following  is  a  brief  account  of  this  fauna 
and  flora,  including  both  German  and  British  fossils. 

Life  of  the  Northern  Trias 
Among    plants   the    ferns   are  represented    by   the   following 
genera :    Anoriwpteriif,   GlathTOpterU,  SagtiiOpUru,   Taniopleru,   with 


.V  Google 


THE  TKIASSIC  STSTEU 


301 


the  Pal»ozoic  PecopUru  and  NeuropUrU;  conifets  by  Vollzia 
and  Albertia;  cycads  by  Zamiia,  OUaamita,  Pterophyllum,  imii 
j&hojAyllum.     The  horBe-tail  Equinttnm  ia  ftlso  fouod. 

MoUusca  are  very  rare,  except  in  the  Muachelknlk,  though 
shells  reaembling  Unio  and  Anodonta  have  been  founcl.  The 
Bmall  phyllopod  crustacean  Etihtria  ia  often  very  abundant 

Of  flsh  the  remaiu3  of  many  kinds  occur,  the  more  important 


I 


d,  Diyteronotuii  ?jj>]ms, 

genera  being  Aerodut,  Hyhodaa,  Gerutodus,  IJipteionotiis,  GyroUpU 
Semionotwi,  and  Saurichthyi.  The  ridged  teeth  of  Ceratedii'  are 
abundant  in  some  parts  of  the  German  Trias,  and  closely  resemble 
those  of  the  living  apecies  of  that  genua. 

Amphibia  are  still  represented  by  LabyrinthodonU,  the  chief 
genera  being  Lahyrinthodon,  Mad,odonsaumi,  and  TrematomuTVA, 
but  this  order  does  not  survive  the  Triaseic  period.  Their  tracks 
are  five-toed,  like  the  rough  impress  of  a  man's  hand. 

Bemaine  of    true   reptiles   are   not    uncommon,   and    include 
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several  of  the  ordera  which  attained  their  maiimum  abundance 
in  the  aacceeding  JurasBic  period.  The  Flesioaauria  are  Tepreaented 
by  Nothaia'anu,  the  Icbtfajosauria  by  Ichthyotawnu  and  MixoiauntM, 
and  the  crocodiles  by  Stagontdepit,  Erpetetuchu*,  and  Bdoion.  Dino- 
saura  occur  for  the  firat  time  ia  the  forms  known  as  OndtkotwAva, 
PalaotauTut,  Teratotaunui,  Themdonhnaunu,  and  Cladyodim.  Uoat 
of  these  creatures  appear  to  have  walked  on  their  hind  feet,  after 
the  fashion  of  a  kangaroo  ;  and  aa  some  of  them  had  only  three 
toes,  their  footprinta  greatly  reaemble  those  of  gigantic  three-toed 
birda,  and  were  aupposed  for  a  long  time  to  have  been  made  by 
auch  birds  ;  other  genera  had  four  or  five  toes. 

But  the  most  characterbtic  reptilee  of  the  Trias  are  those 
belonging  to  the  groups  known  bb  Placodontia,  Rhynchocepbalia, 
Dicynodontia,  Theriodontia,  and  PariasaiiTia.  The  Dicynodonta 
were  firat  discovered  in  South  Africa,  whence  the  typical  genus 
Dieynodtm  was  obtained,  but  more  recently  they  have  been  found 
in  Scotland,  and  two  new  genera — Gordonia  and  Oeikia,  together 
with  the  Fariasaui  Elginia — have  been  based  on  the  remains  dia- 
covered  in  the  sandstones  of  Elgin.  The  order  Rhynchocepbalia  is 
represented  by  Hyperodapedon,  TeUrpelon,  and  Bkynduxaurut,  and 
in  New  Zealand  by  Sj^ienodon  {  =  Hatteria),  the  only  genus  re- 
presented by  a  living  species.  The  Placodont  genua  PtaatdvM  is 
found  in  Germany. 

The  Trias  has  also  yielded  the  earliest  mammals  which  have 
yet  been  discovered,  namely,  the  doubtful  TrUylodon  in  tlie 
Qerman  Eeuper,  and  the  MicroUtte*  of  the  Rhistic  BedK,  which 
are  ddw  generally  claaaed  aa  Triassic 

The  following  are  some  of  the  uorq  charactcriatic  foaails  of  the 
Qerman  and  English  Trios. 

/Wi^j  0/  the  Bunttr 
Plant*.  Eqaisetum  arenaceum,  Voltzia  bsterophylla,  Albertia  ollip- 

tica,  iEthopbyllum  spsoiosnin. 
MolluKtt.        (In  Germany  only)  Hjophoria  costata,  Oerfillis  MurehisoDJ, 

Pleuromya  mactroides,  Ammonites  (Beneckea)  taaain. 
Amphibia.     Bones  of  IrematOBaQras  and  Labyrintbodont  footpdnts. 

Fotiili  of  Oit  MiachtUaUk 
Echittodeniia.  EncriDUg  liliiformia 
Brachiopoda.  Terebratula    ralgarta,   PUcigera   trigooella,    Rbyncbonella 

vnlgaris,  Oervitlia  socialis  Pacteu  discitcs, 
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Cephalopoda.  Nsutilua  bidorastUB,  Ceratites  nodosaa,  Beneokeft  Bachi. 
Places.  Ceratodua  Kaupi,  Hjbodna  m^or,  Acrodus  Gaillardoti. 

BeptUia  Plncodus  glgo^,  Nothogannu  mirabilis. 

Fossils  of  the  Keuper 
Planla.  Equisetiim  columnare,    I'terophyllum   Js^ri,   Xi^niopteris 


•a,  donacina  (Oerman), 


^ 


b.  Tecebratula  yul««is.  e.  N.utlliiM  blUorw 

p.  Qervilliii  aotialm.  /.  CeraliWs  iiudosi; 

Piaeea.  PalteoniBoiw    auperstes,     Acrodus    minimus,    Dij.te 

cyphus,  Hybodiis  Keuperi.  SemioDOtUB  Bcrgeri. 

Amphibia.      MastiyioiiBaurus  gigB.i]teua. 

Heplilia.         HyppTodapedon    Gordoni,  TtrUrpoton    elginense,    Gordonia 
'uTu^iiairi,  Elgiuia  mirabilis. 

Mammalia.    Tritjrlodon  Frsaei  (Germaii). 

FotiiU  of  the  English  Eltatic 
PUi>U3.  Naiadita. 

Bnuhiopoda.  Orbicaloidca  Towaahendi. 
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Lam^lilnvinchia.  AticuIa    contorta,    Protocsrdium     rhnticum,     Pecten 

voloQieoais,  Anoplophora  arenicala,  Myophoria  Do»tera. 
PUees.  Acrodua  acutus,  Ceiatodus  piirvuB,  C.  altus,  Hybodus  minor, 

Tfetnacanthus  nionilirer,  Saurichth^  spicaliG. 
Septiiia.         Iclithyoaauroa  and  Pleaiosauma. 
iiammalia.     Microlestes  antiquus. 


Stratiuraput  op  the  German  Trias 
TriflBsic  rocka  occupy  large  areas  in  Central  and  Southern 
QermaDy,  in  Thuringia,  Hea«e,  Franconia,  Swabia,  and  Lorraine  ; 
they  are  also  found  in  the  Eifel  district,  in  Hanover,  Bmnswick, 
and  Magdeburg,  and  Anally  in  the  island  of  Heligoland.  From 
the  Shine  district  they  extend  westward  to  Luxemburg,  and 
through  the  Vosges  Mountains  into  France.  They  are  everywhere 
divisible  into  the  three  series  of  Bunter,  Muschelkalk,  and  Eeuper.- 
Bunter. — This  is  essentially  a  sandstone  series,  and  is  divided 
into  Lower,  Middle,  and  Upper  stages. 
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The  lowest  bedjs  im  Northern  and  Central  Germany  are  dork 
red  ahaly  sandatonea,  which  succeed  with  apparent  confoTmity  the 
clays  of  the  Upper  Zechatein,  bat  in  Western  Oermany  they 
overstep  the  whole  of  the  Permian,  and  rest  on  the  crystalliae 
Bchiata  of  the  Odenwald  and  the  Black  ForesL  The  rest  of  the 
Lower  Banter  consiste  of  finegrained  micaceous  sandstones  of 
various  colours,  often  speckled,  and  often  includii^  angular 
fragmtnta  of  red  clay ;  there  are  also  some  layers  of  dolomitic 
Bandstone  {EogeTotein).  Fossils  are  rare.  The  roasimum  thickness 
is  SOO  feet 

The  main  mass  of  the  Bunter  Sandstone  (or  Middle  Banter) 
consists  of  coarae  qoartzose  sandstones,  which  generally  show 
current  bedding  and  have  a  maximum  thickness  of  1000  feet. 
No  fossils  except  tracks  of  Labyrinthodonts  have  been  found. 

The  Upper  Bunter  or  Both  consists  of  variegated  red  and  green 
marls  wil^  beds  of  gypsum  and  rock  salt,  and  is  not  more  than 
300  feet  thick.  In  Thuringia  these  beds  contain  layera  of 
doloniitic  limestone  with  marine  fossils  (MyojAoria  coitata,  etc.). 
Westward  in  tlie  Eifel,  the  Vosges,  and  Lorraine  the  Roth  passes 
into  fine  argillaceous  sandstones  containing  plant  remains,  VoUtia, 
Equiietum,  and  AnamopterU, 

Musobelkalk. — This  is  a  limestone  series,  and  takes  its  name 
from  the  abundance  of  bivalve  shells  ("  muscheln  ")  in  many  of  its 
beds.  It  has  a  thickness  of  from  600  to  1000  feet,  and  is  divisible 
into  three  stages. 

The  lower  beds  consist  of  thin-bedded  limestones  (Wellenkalk) 
with  yellowish  porous  limestones  (Schanmkalk),  and  their  chief  fossils 
are  Myo^ioria  orHcidaris,  Natica  gregaria,  and  Derttalium  U/rquatvm, 

The  middle  part  consists  chiefly  of  doloniitic  limestone  and 
marl  with  beds  of  gypsum  and  rock  salt     Fossils  are  rare. 

The  upper  beds  are  hard  limestones,  consisting  mainly  of 
Encrinite  stems,  overlain  by  thin-bedded  limestone  containing 
Oeratita  nodonu  and  other  fosiils. 

In  the  VoBges  country  some  of  the  Muschelkalk  limestones  are 
replaced  by  sandstones  and  marls,  and  the  whole  division  gradually 
dwindles  till  it  finally  thins  out  and  disappears. 

Ksuper. — In  the  German  classification  the  Rhs9tic  is  included 
in  the  Kenper,  which  is  then  composed  of  three  stages  recognisable 
throughout  Germany,  namely ; — 

3.  Ehietic  beds 50  to     80 

2.  Kenper  marls SOD  to  1000 

1,  Kohleukenper 200  to    260 

The  Kohlenkeuper  consists  mainly  of  dark   gray  shales  and 
X 
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sandstonea  with  thia  beds  of  earthy  coal.  Some  of  the  beds  contain 
marine  sheila,  others  are  crowded  with  Eilheria  mintUa,  and  at  the 
top  is  a  jellowish  dolomtt«  containing  Myoplwria  Qoldfaui  and 
other  fosailB. 

The  central  beds,  forming  the  main  mass  of  the  Eeuper,  are 
red  and  green  marls  with  bede  of  gypsum  in  the  lower  part,  and 
of  rock  Bait  in  the  upper.  Fossils  are  rare  in  these  marls  except 
in  South  Germany,  where  some  intercalated  eandstones  yield  plants, 
fish,  and  the  reptiles  Attoiaarat  and  Belodon. 

The  Rbcetic  Beds  consist  of  pale  gray  sandstones  and  shales 
containing  Avicula  amtorta  and.otier  shells  (see  p.  304),  with  well- 
preserved  plant-remains  (ferns,  cycods,  and  Equisetum). 

It  will  be  noticed  that  both  the  lower  and  upper  stages  of  the 
Eenper  contain  marine  fossUs,  thongh  the;  ate  dwarfed  and  have 
the  aspect  of  an  inland-sea  fauna. 

Stratigraphy  of  the  British  Trias 
Range  arid  Itdation  to  Bockt  helov; 

If  the  rocks  described  on  p.  290  are  truly  of  Permian  age, 
the  Trias  enters  England  at  Budleigh  Salterton  in  Devon,  and 
is  exposed  in  cliCF  sections  as  far  east  as  Aimouth,  where  it 
passes  beneath  the  Lias.  Inland  it  passes  northward  through 
Devon,  Somerset,  and  Gloucester  in  a  band  of  varying  width, 
which  sends  prolongations  westward  on  both  sides  of  the  Bristol 
Channel. 

In  North  Somerset  the  upper  beds  of  the  Trias  encircle  the 
Mendip  Hills,  and  occur  in  patches  over  the  area  of  the  Bristol 
coal-field.  In  the  Severn  valley  its  outcrop  is  narrowed  by  the 
overlap  of  the  Lias,  but  widens  again  near  Newent  and  Tewkes- 
bury, running  northward  up  the  valley  of  the  Severn,  and  spread- 
ing out  eastward  over  large  parts  of  Worcester,  Warwick,  Leicester, 
Stafford,  and  South  Derby,  interrupted  only  by  island-like  patches 
of  the  older  rocks,  which  rise  up  from  beneath  it. 

North  of  this  great  central  expansion  the  Triaasic  area  is 
divided  into  an  eastern  and  a  western  fork  by  the  range  of  the 
Pennine  Hills,  which  were  in  existence  before  its  formation.  One 
tract  extends  through  Nottingham  and  Yorkshire,  forming  a  broad 
plain  between  the  magnesian  limestone  and  the  Lias  as  far  as 
York  ;  thence  it  narrows,  but  runs  up  the  valley  of  the  Ouse  and 
across  that  of  the  Tees  to  the  coast  at  and  south  of  Hartlepool. 
The  other  tract  extends  from  Staffordshire  through  Shropshire, 
Cheshire,  and  Lancashire  to  the  shores  of  Morecombe  Bay,  along 
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the  western  side  of  Weetmorelaad,  and  bordering  the  Solwa;  Firth 
inland  ae  !b.i  aa  Carlisle  uid  Longtown.  An  ontljing  tiaet  of 
Triaa  occurs  in  North  Wales  (Vale  of  CSwyd). 

la  Scotland  there  are  email  tracte  in  Dnmfriesshire,  some 
scattered  patches  in  the  Western  Isles,  and  a  tract  on  the  sooth 
shore  of  Moray  Firth  (Elgin  and  Roes). 

In  Ireland,  Trias  is  found  only  in  Ulster  (Antrim,  etc.),  and 
does  not  occupy  any  lai^e  area  at  the  surface,  though  it  probably 
extends  beneatji  the  chalk  and  basalt  of  the  former  county. 

With  regard  to  the  eastward  snbterranean  eztensiou  of  the 
Trias  in  England,  we  know  that  it  thins  out  against  the  plateau  of 
Pakeozoic  rocks  which  underlies  the  east  and  south-east  of  England. 
Thus  borings  near  Northampton  proved  the  Trias  (Keuper  only) 
to  be  very  thin  there  (only  60  to  70  feet),  whUe  borings  in  the 
east  of  England,  at  CuUbrd  near  Bury  St.  Edmunds,  at  Ware, 
Tumford,  London,  and  Bover,  have  proved  ita  absence.  At  Barford 
in  Oifordshire  a  thickness  of  424  feet  of  Trios  was  found  with 
Coal-measures  beneath  it,  so,  that  it  probably  extends  beneath  the 
greater  part  of  Oxfordshire,  and  in  all  probability  it  thins  out  on 
the  rising  surface  of  the  Paleeozoic  rocks  about  the  longitude  of 
Thame  and  Reading. 

Recent  researches  have  t«nded  to  show  that  the  break  between 
the  Permian  and  the  Bunter  is  not  of  such  m^nitude  as  was 
formerly  supposed  ;  still  there  is  a  decided  unconformity,  and  it 
is  probable  that  great  physical  changes  took  place  in  the  interval. 
Taken  as  a  whole  the  Trias  is  unconformable  to  all  older  forma- 
tions ;  it  extends  far  and  wide  beyond  the  edges  of  the  Permian 
beds,  and  rans  up  many  of  onr  wider  valleys,  as  if  the  principal 
hill-ranges  of  England  were  then  already  in  existence,  as  indeed 
they  doubtless  were,  "uxe  Coal-measures  and  older  Palieozoic 
rocks  had  been  bent  into  troughs,  basins,  and  ridges,  and  had 
suffered  enormously  from  erosion  and  detrition  before  the  Triassie 
beds  were  deposited  upon  them,  so  that  in  most  parts  of  the 
country  these  beds  rest  upon  a  surface  of  eroaioH  which  had 
been  previously  formed   acroes  the  tilted  edges  of  the  Palteozoie 

In  giving  some  account  of  the  rocks  which  laake  up  the  extensive 
areas  of  Trias  iu  England  it  will  be  convenient  to  describe  them 
under  five  heads  or  districts :  (l)  The  south-western  district,  in- 
cluding Devon,  Somerset,  Qloncester,  and  Glamorgan ;  (2)  the 
Midland  district ;  (3)  the  north-eastern  or  Nottingham  and  York- 
shire ;  (4)  the  north-western,  Cheshire  and  Lancashire ;  (5)  the 
Carlisle  basin. 


.V  Google 


STRATIGRAPHICAL  OEOLOGT 


1.  SotOh-Wedem  Dutriet 


The  beds  exposed  on  the  south  cout  of  Devon  between  Budleigh 
Sftlterton  and  the  great  landslip  near  Axmouth  are  divisible  as 
follows : — 


iEhffiticbedB      .... 
Red  and  green  marls 
Sed  and  gia]'  sandetoDea  . 
CoarsB  rod  aandatonea  with  pabbles 
CoDslomerate  or  "pebble  beda" 


About  1660 


Bunter.— The  dark  red  marls  which  have  been  described  as 
Permian  may  poasiblj  be  of  Triassic  age,  but  if  not  the  pebble  beds 
form  the  base  of  the  Bunter  in  Devonshire.^  Theae  beds  are 
conspicuoQs  In  the  cliff  west  of  Budleigh  Salt«rton  (see  Pig.  98), 
and  consist  of  well-ronnded  ovat  peljblcs  of  quarCzite  and  hard 
grit  embedded  in  a  matrix  of  red  sand  ;  they  exhibit  current 
bedding  and  include  lenticular  layers  of  sand.  Same  of  the  pebbles 
contain  Devonian  foBsIls,  and  others  are  Silurian  and  Ordovicion, 
resembling  the  Qr^  Armoricain  and  the  Ores  du  May  of  Brittany 
and  the  Ordovician  rocks  of  Cornwall.  Dark,  compact,  tonrmaline 
rocks  also  occur,  like  some  which  occur  in  the  metomorphoaed 
zones  round  the  granite  masaes  of  Devon  and  Cornwall. 

According  to  Professor  Bonney,  however,  the  majority  of  the 
pebbles  do  not  resemble  Devon  and  Cornwall  rockg,  while  quartz- 
felspar  grits,  some  corresponding  exactly  with  the  Torridonian  of 
Scotland,  are  not  rare.  When  the  beds  are  traced  northward  the 
pebbles  become  smaller,  and  they  grailually  pass  into  a  sandy 
conglomerate  with  small  pebbles  of  grit  and  quartz. 

The  sandstones  above  are  coarse  current-bedded  red  sandahmes, 
and  in  the  lower  100  feet  they  contain  pebbles  of  quartz  and 
quarlzite,  with  subangular  fr^menta  of  granite,  felspathic  grit,  and 
lumps  of  hard  red  marl.  The  higher  beds  are  teas  coarse  and 
more  massive,  and  from  these  bones  of  Hyperodapedon  have  been 
obtained.  These  beds  occupy  the  coast  from  the  month  of  tbe 
Otter  to  Sidmouth. 

Keuper. — According  to  Professor  Hull  and  Bev,  A.  Irving 
the  base  of  the  Keuper  division  should  be  taken  at  a  bed  of  bard 
breccia  about  two  feet  thick,  which  can  be  seen  below  the  footbridge 
over  the  Sid  at  Sidmouth.  Above  this  are  pale  red  and  gray 
sandstones  with  seams  of  marl,  succeeded  by  alternating  bands  of 
sandstone  and  marl,  the  beds,  in  which  sandatones  predominate, 
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being  about  76  feet,  aod  beiog  regarded  as  Lower  Keupet  sand- 

The  aueceeding  beds  are  red  niarlB  with  thin  saodatones  in  the 
lower  150  feet,  but  paBsing  up  into  massive  marls  with  a  con- 
choidal  fracture  containii^  strings  of  gjpsum  and  pseiidomorpfas 
of  rock  salt.  These  form  the  lower  part  of  the  cliffs  as  far  as 
Bnascombe  mouth,  but  near  £eer  Head  a  syncline  carries  then) 
below  the  heach.  Higher  beds  occur  in  the  Axmouth  and 
Bindou  cli^  where  they  finally  pass  up  into  the  Rhetic  beds,  the 
sacceation  of  the  highest  beds  seen  near  Culverhole  Point  being  as 
follows  r — 

FHt- 

(Thin  whitisli  linteetonn  (White  Lias)        .       .        .16 
BUck  shales  wiUi  a  bone  bed  at  base  .IS 

Green  and  cre*m- coloured  marU  with  layers  of 
marly  limeetone  and  of  black  cby  .30 

Red  and  green  marts  ....         seen  for  20 

The  black  shales  yield  many  of  the  characteristic  fossils,  such  as 
Avicuia  amioTta,  ProUxardium  rhaticam,  etc 

A  boring  has  recently  been  made  at  Lyme  Regis  to  test  the  depth 
of  the  red  marls  at  that  place,  and  in  the  vain  hope  that  coal  might 
be  found  below ;  after  passing  through  86  feet  of  Lias  and  67  feet 
of  Rhtetic  beds,  red  and  green  marls  were  traversed  to  a  depth  of 
1300  feet,  when  the  boring  waa  abandoned. 

When  the  Bunter  Beds  are  followed  inland  they  become  thinner, 
and  in  Somerset  they  thin  out  and  are  overlapped  by  the  Eeuper 
division,  so  that  in  North  Somerset,  Gloucester,  and  Glamorgan 
only  the  upper  division  of  the  Trias  is  found. 

Around  the  Mendip  Hills  and  in  the  Bristol  district,  wherever 
the  old  Palteozoic  surface  ia  exposed,  tlie  basement  beds  of  the 
Keuper  are  conglomerates  of  a  peculiar  kind.  They  consist  mainly 
of  pebbles  of  Carboniferous  limestone,  the  majority  as  large  as  a 
hen's  egg,  but  ranging  up  to  boulders  of  two  or  three  feet  diameter  ; 
these  are  held  together  by  a  calcareous  cement  or  matrix,  generally 
dolomitic,  so  that  the  beds  ere  known  as  the  Dolomitic  Conglomer- 
ate. Calcareous  sandatonea  are  sometimes  associate^  with  it,  and 
it  passes  beneath  the  red  (Eeuper)  marls  which  form  the  Triassic 
tracts,  here  shown  on  a  geological  map. 

The  conglomerates  are  not,  however,  as  a  whole  older  than  the 
marls,  for  tbey  occur  at  all  horizons  along  the  mai^n  of  that 
deposit,  and  dovetail  into  it  (see  Fig.  68,  p.  214).  They  are  in 
fact  the  ancient  beaches  formed  during  the  gradual  submei^nce  of 
the  area  in  Upper  Triassic  times. 

The  Bbntio  Beds  are  exposed  near  Watchet  in  West  Somerset, 
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at  PenAttli  in  Qlamorgan,  at  Uphill  near  Weaton-eupcr-mare,  at 
Aoatcliff  and  Weatbuiy  on  tlie  estuary  of  Che  Severn.  They  vary 
in  thickness  from  30  to  TO  feet,  but  the  three  BubdiviaionH  of  (1) 
gray  marls  and  shaleB,  (S)  black  shales,  (3)  white  limestones  end 
marls,  are  generally  present  The  following  table  shows  the 
relative  thicknesses  in  feet  at  the  localities  mentioned  : — 

Witehet.  PeiurtJi.  Weston.  AMtcliff.  Wertburj. 

White  Lias                 10  18  12            10             10 

Black  shales               22  22  26            12             26 

GrsymaTlB                 32  28  SO            )S             18 

The  gray  marls  seldom  yield  fossils,  and  are  really  passage  beds 
from  the  red  Keaper  into  the  Rhtetic  Beds.  .  The  black  shales 
generally  contain  one  or  two  sandy  layers  near  the  base,  which  are 
crowded  with  the  teeth,  scales,  bones,  and  coprolites  of  fish  and 
reptUes,  and  hence  are  known  as  "  bone  beds."  The  shales  cont&in 
Avieula  omiorta,  Pecten  valoniauit,  and  other  fossils.  The  upper 
member  consists  of  marly  limestones,  white  or  cream-coloured,  the 
topmost  bed  being  a  hard,  compact,  and  smooth-graiued  limestone 
known  as  the  "sun-bed." 

At  certain  places  on  the  Mendip  Hills  sandy  deposits  and 
conglomerates  occur,  marking  the  shore  line  of  the  Bluetic  Sea ; 
and  some  fissures  in  the  Carboniferous  limestone  at  Holwell,  near 
Frome,  have  yielded  an  immense  number  of  Rtuetic  fossils  (teeth 
and  bones  of  fish,  reptiles,  and  Microlettti). 

2.  Midland  Dutrict 
This  district  will  be  regarded  as  including  the  counties  of 
Worcester,  Warwick,  Leicester,  StatTord,  Salop,  and  a  small  portion 
of  Derbyshire.  The  following  is  the  general  succession  and 
average  thickness  of  the  beds  which  constitute  the  Trias  in  North 
Worcestershire  between  Droitwich  and  Eidderminster :  *  — 

.  ("Rliffitio  Beds *0  to  60 

s^  I  Red  and   rsriegated  marls  with   rock   salt  and 

ai     frypsum             1000 

bi  I  Rm  micaceous  sandstones  with  red  breccia  and 

,  I     conglomerate  at  the  base 300 

^  I  Upper  mottled  sandstone 200 

g  -!  Pebbly  sandstone  and  conglomerate                        .  300 

(4  (Lower  mottled  sandstone 200 

About  2000 

Bunter   Division. — The   upper  beds  of  the  Banter  emerge 
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from  beneath  the  OTerlap  of  the  Keuper  near  Qreat  Malvem,  bnt 
the   lowest   beda  only  make  their  appearanca 
to  tha  north  of  Bawdley  and  Kidderminster. 
The    Lower   Sandetonea    are    genenillj   of    a 
^        reddish   bTown   colour,  but   sometimes   bright 
a         red   or  yellow  or  mottled   with   these   colours. 
•'  I        They    are     devoid    of    pebblea    and    always 
g-j        exhibit  much  current  bedding.      They  attain 
gu        their  greatest  thickness  (650  feet)  at  Bridge- 
=  £.        north  in  Salop. 
^  !:§■  The  Pebble  Beds  which    form  the   central 

!i~        group  of  the  Bunter  are  most  fully  developed 
in   East   Shropshire   and  South   Staffordshire. 
They  pass  northward  beyond   the  outci-op  of 
the  Lower  Sandstones,  resting  unconformably  on 
^        the  Permian,  and  finally  on  the  Coal-measures 
I        of  Cannock  Cbasc  (see  Fig.  96).    In  this  central 
S        urea  they  form  a  mass  of  conglomerate  which 
Z'^     is  from   300  to  400  feet  thick,  and  consists 
3  §j!l      of    well    rounded    pebbles,    the    miyority    of 
"  'S-'c      these    being    brown    and    chocolate  -  coloured 
s  «§J      qnartiites,   with  which,  however,  are   pebbles 
I  sS,i      of  Carboniferous  limestone  and  sandBt«ne,  of 
li-fn     purple  grit,  and  of  some  volcanic  rocks.     At 
the  surface  the  sandy  matrix  is  generally  soft, 
bat  when  traversed  in  deep   borings  it  is  very 
hard    and    highly    calcareous.      Near    Bridge- 
north   it   has   a  breccia  of  angular  fn^menta 
t.         at  its  base,  about  60  feet  thick,  but  this  does 
£  not  seem  to  extend  far. 

~^  The   Upper   Mottled    Sandstone    resembles 

^        the  Lower  Sandstone,  but   is  generally  of  a 

^     §        bright  red  colour,  and  is  more  often  variegated 

twith    yellow    and    white.       It     underlies    the 
'  towns  of  Stourport,  Stourbridge,  and  Birming- 
g        bam,  but  no  fossils  have  been  found  in  it 
S  S  All    the  divisions  of  the  Hunter  thin  out 

eJ        as  they  are  traced  from  west  to  east,  or  from 
||         north-west  to  south-east  —  a   fact  which   may 
^^        be  taken  as  proof  that  the  pre-Triassic  floor 
sloped    upwards    toward    the   east   and   south- 
east.    The  following  table  indicates  this  easterly 
overiap  and  diminution  of  thickness  : — 
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Shroprtdre. 

WMtSideot        EulSldsDf    1       jjj,^ 
ihireCoil-Beld.  BhLrtC™i.ne1ii!      '"'"leK. 

Ugper  Sandstoiw   . 
nSble  B«dB  .         . 

600 

300                 100              AbMDt 

300                 200         '    AbBSDt 

0  to  100         1      Absent      |    Absent 

1650 

700        1         SOO         1        nU 

Eeuper  DlTlaioii. — The  Lower  Keuper  sandBtoneB,  where 
fully  developed,  are  divisible  into  three  stages,  the  lowest  consirt- 
ing  of  coarse  sandstones  with  calcareona  breccias  and  comBtoaes, 
the  middle  part  of  fine-grained  sandstones  capable  of  use  as 
building-stone,  while  the  upper  beds  are  laminated  sandstones, 
locally  called  "  waterstones,"  from  their  yielding  good  water  in 
wells  and  borings.  These  sandstonee  have  yielded  bones  and  teeth 
of  LabyriTiihodcn,  Cladyodon,  and  Hyprrodapedon,  and  the  fish  Dip- 
teronotuii  eyphiia. 

Professor  Lapworth  remarks  *°  that  in  Shropshire  and  West 
StaCTordshire  the  general  relation  of  Keuper  to  Bnnter  is  that  of 
conformity,  though  the  surface  of  the  Biinter  is  eroded,  while  east 
of  the  '*  Black  Country  "  the  basement  breccias  are  often  wanting, 
and  sometimes  there  seems  to  be  a  real  onconformity  between  the 
two  diviaions  j  finally,  round  the  Warwickshire  Coal-field  the 
Eenper  sandstones  are  moch  thinner  and  rest  directly  on  the 
Palfeozoic  rocks. 

The  Keuper  Marls  occupy  lar^e  areas  in  Worcester,  Warwick, 
and  Leicester.  They  form  the  thickest  and  in  some  respects  the 
most  important  member  of  the  Triasaic  system,  but  lithologically  it 
is  nninteresting,  the  greater  part  consisting  of  red  marls  and  shales 
without  fossils.  The  higher  beds,  however,  include  a  band  of  gray 
sandstone  (SO  to  30  feet  thick),  known  as  the  Shrewley  sandstone, 
which  has  yielded  remains  of  fish  {PalaonUau  rupgriUs)  with  Eitheria 
minuia  and  some  casta  of  bivalve  Mollusca. 

The  red  marls  everywhere  contain  seams  and  nodular  bands  of 
gypsum,  and  in  Worcestershire,  between  Droitwich  and  Stoke,  they 
indude  a  thick  and  valuable  bed  of  rock  salt.  These  mark 
are  thickest  in  the  west,  being  probably  irom  ISOO  to  1800  feet 
thick  in  Shropshire,  TOO  to  800  feet  in  Staffordshire,  and  about 
600  in  Warwick  and  Leicester,  where  they  overlap  the  underlying 
sandstones  and  are  banked  against  the  pre-Cambrian  rocks  of 
Ohamwood  Forest,  partially  filling  the  valleys  between  the  hills. 

The  Rheetlo  Beds  form  a  narrow  but  continuous  band 
between  the  red  Eeuper  Marls  and  the  dark  clays  of  the  Lias,  but 
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they  are  rarely  exposed  ia  Worcester  or  Stafford.  In  Warwick- 
shire there  are  expoaurea  of  the  White  Lias  at  Enowle  (near 
Solihull)  and  at  Harbury,  Bngby,  Southam,  and  Elotington,  and  a 
good  section  has  been  described  at  Wigston,  near  Leicester,  where 
the  following  succession  was  seen  : — 

3.  Blue  ebales  witli  two  thin  beds  of  limeatone  and  saudatone  .  22 

2.  Black  shalea  containing  Sdiizedui  doacinui,  Protocardium  rJutii- 

oim,  Avicula  contorla,  and  iiah  t«etli 18 

1.  Light  gray  marla  pusiDg  dovrn  into  red  maris     ....  15 

3.  NortA-Eattem  Dittria 
In  Leicestershire  the  Bunter  is  only  represented  by  pebble  beds 
of  irregnlar  extent  and  thickness,  hut  sometimes  as  much  is  200 
feet  Near  Nottingham,  however,  the  lower  sandstone  sets  in  again, 
and  thence  the  Bunter  thickens  northward,  forming  a  continuons 
strip  between  the  Permian  and  the  Eeuper.  The  upper  mottled 
sandstone  is,  however,  absent  throughout  this  eastern  area.  Near 
Nottingham  the  succession  ia  as  follows  (see  Figs.  101,  102)  :— 

FeeU 

JBhtetic  shales  and  limeatonee 30  to  40 
Bed  marls  with  much  gypsum,  and  bede  of  aandHtone 
near  the  baae 600 

Waterstones  with  pebbly  or  conglomeratic  base          .  80 

White  sand  and  pebble  beda up  to  100 
Coarse  and  pebbly  sandstones 200 

Lower  mottled  s.ndBtone 26  to  100 

Abont 1000 

Bunter. — The  Lower  Sandstone  is  of  a  bright  red  or  orange 

colour ;  it  is  traceable  into  Yorkshire  as  far  as  a  cutting  on  the 

railway  eaat  of  Enaresborough,  beyond  which  it  is  either  absent 

or  is  indistinguishable  from  the  sandstones  which  there  overlie  it. 

The  Bunter  Pebble  Beds  form  the  rock  on  which  Nottingham 
Castle  stands,  where  they  consist  of  a  coarse  yellowish  sandstone 
full  of  quartzite  pebbles.  They  range  northward  through 
Sherwood  Forest,  by  Worksop,  Tickbill,  and  Doncaster,  but  it  is 
doubtful  whether  they  extend  far  beyond  the  last  place.  The 
sandatone  passes  sometimes  into  loose  red  and  yellow  pebbly 
sands,  and  sometimes  into  a  hard  conglomerate.  The  pebbles  are 
everywhere  the  same,  principally  quartzite  and  quartz,  with  a  few 
fragments  of  soft  sandstone  and  black  chert. 

In  the  northern  part  of  Yorkshire  the  following  ascending 
sequence  is  found  :  (1)  Bed  marls  with  rock  salt  and  gypsum,  200 
to  4S0  feet ;  (2)  red  and  white  sandstones  with  hands  of  red  marl 
in  the  lower  part,  800  to  900  feet.     How  mnch  of  this  series 


.V  Google 


ir 
it 


II: 


!• 


!i 


in 


il! 


¥ 


u 


il  » 


ii  M     ! 


,  Google 


316  STEATIGRAPHICAL  GEOLOGY 

shonld  be  assigned  to  the  Bunter  is  Qncert&iii,  but  it  seems  probable 
that  tbe  rede  marls  and  the  greater  part  of  the  sandstones  are 
referable  to  tbe  Bunter. 

K6Ui>er. — The   basement  bed  of  the  Seuper  division  near 

Nottingbam  is  an  irregular  deposit  of  white  sand,  wbich  rests  on 
an  eroded  surface  of  tlie  Bunter  pebbla  beds,  and  varies  from  a  few- 
inches  to  many  feet  in  tbicknesfl.  Mr.  J.  Shipman  has  described 
certain  pebblj  sandstones  more  than  100  feet  thick,  which  he 
regards  6b  representing  tbia  deposit' 

The  Wateratones  which  succeed  generally  have  a  pebbly  or 
conglomeratic  bed  at  tbe  base,  and  this  rests  sometimes  on  the 
white  sand  deposit,  and  sometimes  directly  on  the  Bunter,  but 
always  on  an  eroded  surface,  so  that  it  Beems  to  be  unconformable 
to  tbe  beds  below.  The  pebbles  are  chiefly  quarts  and  quartzit«, 
but  Mr.  Shipman  boa  detected  fragments  of  trap,  slate,  chert,  and 
magnesiait  limestone.  The  watentones  theniselvca  consist  of  soft 
brovnt  sandstones  interatratified  with  red  marls,  wbich  cause 
plentiful  springs  by  throwing  out  the  water  collected  in  the  sand- 
stones.     Bipple-marks  and  eun-cracke  are  frequent  in  these  beds. 

There  is  no  marked  line  of  division  between  the  Waterstonea 
and  the  Keuper  Marls ;  the  marl  bands  become  thicker,  but  still 
contain  beds  of  sandstone  in  the  lower  160  feet,  though  these 
sandstones  are  harder  and  generally  white  or  bluish  gray.  Gypsum 
occurs  in  tbe  marls,  and  the  higher  beds  are  chiefly  moil  with 
sheets  and  nodules  of  gypsum. 

In  Yorkshire  the  Keuper  appears  to  become  thinner,  and  not  to 
exceed  700  feet  in  thickneES  ;  it  is  still  capable  of  division  into  an 
upper  red  marl  group,  about  400  feet  thick,  and  a  lower  series  of 
Ki  and  white  sandstones  from  200  to  300  feet  thick,  but,  as  above 
mentioned,  its  lower  limit  is  somewhat  uncertain  in  the  northern 
part  of  the  county. 

Bhffitlc  Beds. — These  present  their  usual  facies,  and  persist 
as  a  narrow  band  below  the  Lias  through  the  counties  of  Leicester, 
Lincoln,  and  York.  The  gray  marls  are  from  12  to  15  feet,  tbe 
2one  of  Avieula  eontorta  is  from  10  to  18  feet  thick,  and  the 
white  Lias  from  10  to  30  feet  Qood  sections  occnr  near  Leicester.^ 
In  Yorkshire  there  are  some  inland  exposures,  but  the  beds  are  not 
seen  on  the  coast  section. 

4.  Chethirt  and  LaiicaAire 
The  Trias  of  these  counties  is  a  continuation  of  the  Shropshire 
series,  but  attains  a  greater  development,  the  average  thickness  of 
the  several  stages  being  as  follows  :  " — 
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Bunter. — Near  Cheater  the  lowest  bede  &re  seen  to  rest  on  the 
purple  shalea  and  BaadatoiieB  of  the  Millatfine  Grit,  the  baiiemeat 
being  a  dark  purple  breccia  (10  feet  thick),  passing  up  into  coaree 
sandstones,  soft,  and  coloured  red,  jellow,  and  white.  This  division 
range*  northward  to  the  Mersey,  and  then  eastward  along  the 
■oath  border  of  the  Lancashire  coal-field,  bat  thins  in  that  direction 
«nd  does  not  occur  at  Manchester  or  Stockport 

The  Pebble  Beds  are  well  seen  at  Holt,  an  the  river  Dee,  where 
their  base  is  a  breccia,  aucceeded  by  soft  red-streaked  sandstone 
overlain  by  pebbly  sandstone,  the  whole  series  resembling  that  at 
BridgcDorth.  Near  Liverpool  and  St.  Helens  they  attain  a  great 
thickness,  consisting  of  two  parts — (1)  hard  red-brown  pebbly  sand- 
stones, about  600  feet  thick,  and  (2)  hard  reddish  sandstones 
without  pebbles,  about  400  feet  Eastward,  by  Wigan,  Manchester, 
and  Stockport,  they  overlap  the  lower  mottled  sandsUmea,  so  as  to 
rest  on  the  Dyassic  and  Carboniferous  rocks. 

The  Upper  Mottled  Sandstone  ranges  along  the  fianks  of  the 
Peckforton  Hills,  through  Delamere  Forest,  to  Runcorn  and 
Warrington,  and  thence  throngh  West  Lancashire  by  Liverpool 
and  Ormskirk.  lis  only  peculiarity  is  that  while  the  lower  part 
is  of  the  usual  red  colour  streaked  with  white,  the  upper  part  is  of 
bright  yellow. 

These  Bunter  Sandstones  extend  northward  by  Ormskirk, 
Preston,  and  Oarstang,  whence  they  pass  beneath  Mocecambe  Bay. 
They  emerge  again  in  the  promontory  of  Furaess,  and  extend 
northwards  to  SL  Bees  in  Cumberland  (see  map.  Fig.  32). 

Keupeo'  DlTisioo. — The  basement  bed  of  this  division  is 
always  pebbly,  and  sometimes  (as  at  Peckforton)  becomes  a  hard 
calcareous  conglomerate.  This  is  succeeded  by  hard  red,  yellow, 
and  white  saudstonea  (200  feet  thick,  and  quarried  for  building 
stone),  above  which  are  the  Waterstones^brown  micaceous  flag- 
Htonea,  with  red  and  gray  shales  at  their  base  (SOO  feet  in  Delamere 
Forest  and  at  Liverpool). 

The  Peckforton  Hills  rise  to  heights  of  SOO  and  900  feet,  and  a 
seriea  of  strike-faults  has  led  to  the  development  of  a  succeasion  of 
nearly  parallel  escarpments,  the  western  slopes  of  which  consiat  of  the 
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soft  Bimter  saadBtone,  while  the  rock  formiog  their  m 
hard  basement  conglomerate  of  the  Keuper. 

Tlie  upper  red  and  gray  marie  contaiD,  as  elsewhere,  laTeis  of 
gypaum  and  beds  of  rock  salt  from  70  to  100  feet  thick.  These 
are  worked  hj  ehafta  and  pits  at  Northwich,  bat  elsewhere  it  is 
obtained  in  the  form  of  brine  from  borings,  the  water  percolating 
through  the  beds,  dissolving  the  salt  and  being  pumped  up  the 
bore-IioI&  The  thickness  of  these  saliferous  marls  in  Cheshire  is 
very  great,  and  may  be  even  more  than  2000  feet  (see  Fig.  80). 
They  pass  northward  through  Lancashire  to  Fleetwood  or  Morecambe 
Bay,  and  b,  small  tract  of  red  marl  occnrs  in  Fumess  on  the  other 
side  of  this  bay. 

Btaeetio  Beds, — The  only  part  of  this  area  where  these  beds 
have  been  found  is  round  the  outlier  of  Lias,  which  occurs  between 
Wem  and  Audlem,  on  the  borders  of  Shropshire  and  Cheshire. 
Mr.  O.  Maw  described  ^  sections  near  Audlem  which  showed  the 
following  beds  : — 

3.  DuQ-colouredMndjsliBles  with  thin  layers  of  limestone  >t  the 
top,  Full-aiilra  arenKola,  iVaurcmya  ajwf"  "'"'"" 
.  Block  Baky  ahales  abonndiiig  in  Avtcula  a 


>,  Pull-astra  artnirola,  PleuTomya  aneonoidxt  . 
i.  Baky  shales  aboQQdiiiK  in  AvteiUa  a 
.  Light  bnS-coloured  marl  without  fossils 


5,  Tht  Oarlitle  Batin 

Triassic  rocks  underlie  a  considerable  area  in  the  north  of 
Cumberland,  from  the  coast  near  Marjport  eastward  to  Carlisle 
and  Longtown,  and  thence  tbey  ext«ud  southward  down  the  valley 
of  the  Eden  (see  map.  Fig.  32).  From  Longtown  they  extend  west- 
ward along  the  northern  shore  of  the  Solway  Firth  to  and  beyond 
Annan.  This  Solway  and  Carlisle  area  forms  part  of  an  oval 
basin,  the  highest  beds  lying  in  the  central  pari,  and  the  lowest 
forming  an  outer  encircling  zone.  The  western  part  of  the  basin 
has  been  invaded  by  the  sea,  but  there  is  no  doubt  that  the  red 
sandstone  of  St.  Bees  originally  stretched  northwards  to  Maryport, 
and  there  may  still  be  an  actual  submarine  connection  of  one  tract 
with  the  other. 

The  Trias  of  Cumberland  is  divisible  as  follows  : — 


■^'""■^X  Kirklinton  sandstone BOO 

p     ,    /St.  Bees  sandstone  1000  to  1600 

'^''""'^XEedgypsiferons  marls  .       up  to  BOO 

Maximum  S200 

Buster. — The  lower  red  marls,  according  to  Mr.  J.  G.  Qoodchild,^ 
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lie  imconformably  on  the  Permifta  beds  (eee  p.  285).  Thej  vaiy 
ia  tMcknesB  from  100  to  300  feet,  coatsin  much  gypsum,  and  pass 
up  hj  intercalation  of  sandstone  beds  into  the  sandstone  above. 

The  St.  Bees  Sandstone  represents  the  Pebble  Beds  and  the  Upper 
SandstDoe  of  Lancashire.  It  occupies  the  coast  between  Lfatyport 
and  AUonby,  and  thence  extends  eastward  hj  Wigton  to  the  vallej 
of  the  Eden,  but,  earring  northward  by  Brampton,  passes  beyond 
the  lower  marls  and  the  Penrith  Sandstone  till  it  rests  directly  on 
the  Carboniferous  rocks  of  the  Scottish  border.  Its  lower  part  is 
a  variegated  sandstone,  but  the  greater  part  is  of  dull,  uniform, 
brick-red  colour.  It  contains  some  bauds  of  pebbly  sandstone,  but 
the  only  relics  of  contemporary  life  are  leptilisu  footprints. 

Keuper. — The  Eirklinton  Sandstone  ia  only  seen  in  the  eastern 
part  of  the  basin,  its  outcrop  elsewhere  being  concealed  by  the 
Drift  deposits.  It  consists  of  soft  sandstones,  which  are  in  some 
ports  red,  in  others  white,  or  sometimes  mottled  red  and  white,  and 
they  are  probably  the  equivalents  of  the  Cheshire  "  water'Stones." 

The  Keuper  Harls  are  also  for  the  most  part  buried  beneath 
Drift,  but  near  Carlisle  the  sandstones  are  covered  by  red  and  gray 
marls,  which  are  exposed  iu  several  places  on  the  banks  of  the 
Eden.  West  of  Carlisle  there  is  believed  to  be  a  fault  of  consider- 
able magnitude,  for  borii^  have  shown  that  a  great  thickness  of 
red  sbaly  marls  with  gypsum  and  rock  salt  is  brought  into  the 
western  and  deeper  part  of  the  basin ;  thus  a  boring  at  Abbey 
Town  proved  over  700  feet  of  red  marl  with  red  ()  Kirklinton) 
sandstone  below. 

Whether  Rhettc  Beds  exist  in  this  district  is  not  yet  known  for 
ceriain,  but  as  there  is  an  outlier  of  Lias  in  the  centre  of  the  bosiit 
it  is  very  probable  that  the  usual  band  of  Bhtetic  intervenes, 
especially  as  they  occur  both  in  Ireland  and  in  Scotland. 


6.  Soulhem  Scotland 

Several  tracts  of  red  sandstone  occur  in  the  south  of  Scotland, 
and  undoubtedly  belong  to  some  part  of  the  "  New  Red  Sandstone," 
but  owing  to  the  paucity  of  organic  remains  it  has  been  very 
difficult  to  determine  their  precise  age.  In  early  days  they  were 
referred  to  the  Trias,  but  afterwards  and  until  quite  lately  they 
were  generally  regarded  as  Permian  ;  recent  opinion,  however,  is 
in  favour  of  considering  them  all  to  be  of  Triassic  age. 

There  are  no  fewer  than  seven  such  tracts  in  the  southern  part 
of  Scotiaud — namely,  two  in  Annandale  and  two  in  Nithsdale 
(Dnrnfriesshire),  one  in  Ayrshire,  one  on  Loch  Ryan  in  Wigtown' 
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ahire,  cmd  one  in  the  Isle  of  Arran.     The  beds  lie  unconformable 
on  all  older  rocks,  including  the  Carboniferous. 

DumfHes. — In  this  district  the  three  largest  tracts  aie  (1)  one 
extending  from  the  Solwaj  Firth  bj  the  mouth  of  the  Nith  to  and 
beyond  the  town  of  Dumfries,  (2)  round  Lochmaben  in  Annandale, 
and  (3)  round  Thombill  in  Nithadale.  Profeasor  Harkness  was 
of  opinion  ^*'  that  the  general  succession  of  the  beds  near  Dumfries 
and  Lochmaben  was  as  follows  : — 

i.  Thin-bedded  sandstones  with  beds  of  claj  .         .         300 

3,  Hard  massive  brsccias  and  conglomerate   .  300 

2.  Soft  red  current-bedded  sandstones  \  eq. 

1.  Coarse  sandstones  and  breccias          /         '  '         ' 

The  breccias  consist  of  angular  blocks  and  fr^ments  of  various 
Palwozoic  rocks,  with  some  of  granite  and  other  igneous  rocks, 
embedded  in  red  sand.  The  lower  sandstones  are  brick-red  in 
colour,  frequently  flaggy  and  divided  by  thin  seams  of  dark-red 
clay,  and  their  surfaces  oftun  bear  the  footprints  of  Labyrinthodont 
and    other   reptiles.       Such    footprints    were   first   described   by 


CsrboulfSioDB  [WVS. 


Professor  Buckland  from  specimens  found  in  the  quarries  on 
Corncockle  Moor,  near  Lochmaben,  but  they  are  equally  common 
near  Dumfries ;  they  also  occur  in  the  upper  sandstones,  the  beds 
of  which  are  separated  by  rather  thicker  layers  of  clay. 

It  is  possible  that  only  the  upper  breccias  and  sandstones  are 
of  Triassxo  age,  tiie  lower  beds  being  Permian  and  comparable  to 
the  Penrith  sandstone. 

In  the  Thombill  basin,  farther  north,  there  are  no  breccias,  and 
the  greater  part  of  the  tract  consista  of  brick-red  sandstone,  but  in 
the  northern  part  lava-flows  and  volcanic  detritus  are  interstratified 
with  the  lowermost  sandstones  (see  p.  323).  The  higher  sandstones 
contain  beds  of  shale  and  clay,  and  seem  comparable  to  the  higher 
beds  near  Dumfriea 

Ayr. In  the  centre  of  the  Ayrshire  coal-field  near  Mauchline 

lies  a  pear-shaped  area,  occupied  by  rocks  similar  to  those  of 
Thombill  (set  Fig.  103),  and  associated  with  the  volcanic  breccias 
of  this  district  are  some  beds  of  a  purple  sandy  limestone,  but  no 
fossils  have  been  found  in  tham. 
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Arran. — Bed  rocks  of  Triawic  age  occupj  a  considerable  area 
in  the  southern  part  of  Arran,  and  conaiat  of  conglomerates  and 
sondntones  overlain  by  red  shales  and  marls.  Moreover,  recent 
exploration  of  the  t^lomerates  which  fill  up  the  vent  of  a  hnge 
Tertiary  volcano  in  this  part  of  the  island  have  led  to  the  discovery 
of  large  massea  of  rock  which  show  a  sequence  from  red  marl 
thtongh  Khtetic  shales  inlo  Lower  Lias,  thus  proving  the  red 
marls  to  be  of  Keuper  age,  and  to  have  been  succeeded  by  Bheetic 
and  Liastic  beds,  though  all  other  traces  of  these  beds  have  been 
destroyed  by  erosive  and  detritive  agencies  during  Tertiary  times.'' 


7,  Norlhtm  Scotland 

Beds  which  are  unquestionably  of  Triaeuc  age  occar  both  on 
the  western  and  eastern  coasts  of  Scotland. 

"Weet&m  Ooast. — Small  patches  of  Trias  occur  at  the  base 
of  the  Neozoic  rocks  ia  Morvera  and  Ardnamurchan  (Argyleshire), 
in  the  ieles  of  Skye  and  Raasay,  and  on  the  coast  of  Gruinard  Bay 
in  Boss-shire. 

The  following  account  is  taken  from  Professor  Judd's  descrip- 
tion.'^ The  materials  forming  the  breccias,  conglomerates,  and 
coarser  sandstones  have  evidently  been  derived  from  the  older 
rooks  on  which  these  atiata  repose,  usually  either  the  Torridon 
sandstone  or  some  member  of  the  Highland  gneissic  series.  A 
special  feature  in  the  Triassic  rocks  of  this  region  is  the  abundance 
of  calcareous  matter  which  enters  into  their  composition ;  frag- 
ments of  compact  limestone  (1  Durness  limestone)  abound  in  the 
coarser  beds  ;  the  sandstoues  often  pass  into  calcareous  grits,  and 
bands  of  comstone  are  not  unfrequent,  while  all  the  beds  are 
frequently  traversed  by  veins  of  calcspar.  As  a  rule  breccias  and 
conglomerates  prevail  in  the  lower  part  of  the  series,  sandstones, 
marls,  and  Umestonee  in  the  upper  part,  but  the  succession  of  beds 
is  very  insular  and  inconstant.  At  Gruinard  Bay  the  total  thick- 
ness exceeds  1000  feet ;  at  Baasay  it  is  probably  less  than  SOO  feet, 
though  the  general  succession  is  the  same  ;  at  Lussay,  in  Skye,  it 
is  reduced  to  a  few  feet,  and  southward,  in  parts  of  Mull  and 
Morvem,  it  varies  from  50  to  GOO  or  600  feet 

The  following  is  the  succession  at  Gruinaid  Bay  : — 

Soft  reddish  argillaceoiiB  and  sandy  beds  with  bands  of  hard  white 
and  greenish  sandstone 200 

Red  sad  vivriegated  marls  with  tbin  beds  of  mndstone  and  concre- 
liODiry  hmcstone 200 

Red  argdloceous  sandstones  and  conglomerates,  alternating  in  the 
lower  port  with  massea  of  coarse  breccia -con  glomerate  .         .  6(M) 
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In  Morreru  the  concretionary  cherty  limestones  which  occor 
in  the  muly  divisioti  are  somewhat  thicker,  and  resemble  the 
limestones  of  Elgin  mentioned  below.  No  foasib  have  been 
fonnd  except  some  casts  of  bivalves  (i  Cyrttta)  in  sandstone  at 
Ardtomish.  No  Rheetic  beds  have  yet  been  identified  on  the 
weatem  coast,  but  it  is  only  in  Raasay  that  the  junction  of  Trias 
and  Lias  has  been  foand,  and  the  section  there  is  obscure  at  this 

Sastem  Ooaat. — Small  tracts  of  Trias  occur  on  the  coast  of 
Moray  north  of  Elgin,  and  near  Dunrobin  Caatle  in  Sutherland. 
The  former  is  important  because  it  has  yielded  the  bones  and 
skulls  of  many  remarkable  reptiles  (see  p.  202). 

The  reptiles  belong  to  the  genera  StagotioUpit,  Syperodaptdon, 
TtUrpelon,  ETpitotttehiu,  OmitKoiuehtit,  Elginia,  and  the  Dicynodonts 
Oordortxa  and  Qeikia  which  were  described  hy  Mr.  K  T.  Newton  in 
1893.^     Teeth  of  the  fish  Gtratodut  also  occur. 

The  reptiliferous  sandstone  rests  unoonformably  upon  the 
Upper  Old  Eed  Sandstones  of  Moray,  and  the  beds  are  repeated 
by  a  fault,  so  that  they  form  twu  parallel  ridgea  ranging  from 
N.N.K  to  S,S.W.  for  a  distance  of  about  nine  miles.  The  more 
northerly  ridge  runs  parallel  to  the  coast  from  Branderburgh  to 
Burghead,  and  the  southern  or  inland  ridge  passes  a  little  to  the 
north  of  Elgin.  These  two  ridges  are  separated  by  a  tract  of  low 
ground  about  three  miles  wide  and  covered  by  Drift  deposits. 
The  Old  Bed  Sandstones  containing  Holoplychiue  and  other  fish- 
remains  crop  out  on  the  south  slopes  of  the  ridgea,  and  the  reptili- 
ferous sandstones  ore  quarried  on  the  northern  slopes.  At  the 
base  of  the  latter  ia  a  pebble  bed  or  conglomerate  about  four  feet 
thick,  consisting  of  rounded  pebbles  of  whit«  and  purple  quartz. 
Thia, passes  up  into  coarse  yellow  and  white  sandstones,  and  it  i» 
from  these  sandstones  that  the  reptilian  bones  have  been  obtained. 
They  appear  to  he  from  800  to  200  feet  thick,  and  they  pass 
beneath  a  peculiar  cherty  limestone  which  is  sometimes  called  the 
"  cherty  rock  of  Stotlield " ;  this  consists  of  an  intimate  mixture 
of  calcareous  and  siliceous  matter,  and  is  said  to  be  about  30  feet 
thick,  but  has  yielded  no  fossils.^* 

On  the  coast  of  Sutherland,  below-  Dunrobin  Castle,  a  similar 
set  of  rocka  is  found,  some  40  or  50  feet  of  yellowish  sandstone 
dipping  to  the  northeast  and  passing  below  a  cherty  rock  exactly 
like  that  of  Stotfield  ;  this  is  succeeded  by  coarse  aandslones 
with  beds  oF  conglomerate  which  contain  many  fragments  of 
the  cherty  rock,  hut  in  spite  of  this  evidence  of  erosion  Profesor 
Judd  is  inclined  to  regard  them  as  Bhatic 
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8.  Irelaml 


Triassic  rocka  are  only  fonnd  ia  the  north-eastern  part  of 
Ireland,  and  lie  in  an  oval-shaped  basin  excavated  oat  of  the 
Pakeozoic  rocks,  but  onlj'  sinall  tracts  are  exposed,  the  greater 
portion  of  the  area  being  concealed  by  newer  rocka. 

A  small  oatljii^  tract  of  Triaa  occurs  near  Kingscourt,  County 
CaTBS,  abont  30  miles  soutli  of  the  main  outcrop  in  Tyrone  ;  this 
is  specially  interesting,  as  proving  that  the  Trias  had  formerly  a 
southern  extension  in  this  direction. 

On  the  borders  of  Tyrone  and  Armagh  there  are  bright  red 
sandstones  belonging  it  ia  supposed,  to  the  Bunter,  but  no  good 
sections  are  known.  They  pass  eastward  beneath  the  Tertiary 
basalt  of  Portadown. 

The  lai^est  area  of  Trias  occurs  in  the  valley  of  the  Lagan, 
and  extends  from  Largan  to  Belfast,  and  thence  along  the  northern 
shore  of  Bel&st  Lough  as  far  as  Black  Head.  The  beds  are  also 
seen  at  intervals  along  the  coast  to  the  northward  as  far  as  Red 
Bay  near  Cushendall.  They  are  thickest  in  the  southern  part  of 
the  area  near  Belfast.  Rock  salt  ia  found  at  Carrickfei^os,  where 
the  general  succession  is  as  follows  : — 

FeM. 

riUd  marls  with  gypsum 700 

Eeuper-J  Rock  salt  and  blue  olayn  ....  ISO 

I  Brownish  sandatonaB       ....      perhaps    20 
T,     X    fSoFt  red  and  yellow  landBtonsB  with  gray 
Bnnt«r|    ,nd  buff  shales 800 

The  sandstones  have  some  resemblance  to  those  of  St  Bees  in 
Cumberland,  but  it  is  not  certain  whether  they  should  all  be 
classed  as  Bunter,  the  upper  part  being  possibly  of  Eeuper  age. 

Bhffitio  Beds. — Where  the  Trias  ia  covered  by  the  Lias  the 
intermediate  zone  of  Avifula  eonioria  is  always  found,  and  good 
sections  are  to  be  seen  in  Collin  Glen  near  Belfast,  Woodbum  Glen 
near  Carrickfergua,  and  Waterloo  near  Larne,  Their  maximum 
thickness  is  about  100  feet.  At  the  base  are  gray  clays  surmounted 
by  shales  and  sandstones  with  fish  remains  ;  the  middle  part 
consists  of  black  shales  with  the  nsual  fossils,  and  the  upper  beds 
are  gray  and  brown  shales  with  thin  oolitic  limestones. 

COSTEMPOBANBOUB   VOLOANIC  RoCKS 

No  volcanic  rocks  of  undoubted  Triassic  age  are  known  to 
occur  in  England  or  in  Ireland,  but  in  Scotland  such  rocks  occur 
beneath  the  Triaseic  sediments  of  the  ThomLill   and    Ayiehire 
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basins.  Tbeae  have  been  mentioned  on  p.  3S0,  and  tbeir  mode  of 
occurrence  is  illustrated  by  Fig.  103. 

The  igneous  zone  consists  of  a  number  of  lava-flows  which  mark 
succeasive  eruptions,  and  have  probablj'  proceeded  from  more  than 
one  vent,  for  though  they  are  all  of  a.  basic  character  they  vary 
rauch  in  litboli^cal  composition.  Some  of  them  are  basalts,  and 
others  are  m^nelite-febpar  rocks,  while  the  rock  of  Mauchline  Hill 
is  a  picrite  composed  chiefly  of  olivine  and  augite.  Magnetite  is 
prevalent  in  all  of  them,  and  its  oxidation  has  given  them  a  red 
colour,  on  which  account  they  have  been  described  as  "porphyr- 
itea" 

Over  these  sheets  of  basic  lava  comes  a  group  of  stratified  rocks, 
consisting  essentially  of  the  ordinary  Triaasic  brick-red  sandstone, 
but  containing  an  abundant  intermixture  of  volcanic  material,  either 
a^pregated  into  lenticular  seams,  or  scattered  more  or  leas  abundantly 
through  the  body  of  the  sandstone. 

Besides  these  interbedded  volcanic  rocks  there  is  other  evidence 
of  the  number  and  activity  of  the  volcanoes.  Outside  the  existing 
tracts  of  Trias  the  Coal-measures  are  pierced  bj  numerous  lai^ 
pipes  filled  with  a  coarse  unstratified  agglomerate,  and  usually 
appearing  at  the  surface  as  small  rounded  hills  or  hillocks.  Some- 
times the  agglomerate  includes  a  core  or  column  of  lava,  and  the 
coal-seams  in  their  neighbourhood  are  often  charred  or  altered  into 
columnar  coke.  There  can  be  little  doubt  that  these  columns  or 
necks  are  some  of  the  vents  through  which  the  volcanic  materials 
were  ejected.  The  necks  are  especially  numerous  in  the  Dalmel- 
lington  coal-Geld,  but  they  occur  also  in  Itenfrewshiie  and  Lanark- 
shire, piercing  the  highest  Coal-measures  in  those  counties.'^ 

Phtbical  Conditions  op  the  Bbitish  Rsoion 
That  great  physical  changes  took  place  in  Northern  Europe 
-during  the  interval  between  the  Permian  and  Triasaic  periods 
is  shown  by  the  great  difference  in  the  fauna  and  flora  of  the  two 
periods.  The  Permian  forms  of  life,  which  were  survivals  of  the 
-Carboniferous  forms,  were  exterminated  and  replaced  by  a  very- 
different  assemblage. 

Again  the  unconformity  which  generally  exists  between  the 
Permian  and  Trias,  in  Britain  at  any  rat«,  points  to  a  certain 
amount  of  elevation  and  to  a  considerable  amount  of  surface  change. 
The  elevation  may  have  led,  in  the  first  place,  to  the  drying  up  or 
-draining  off  of  the  Permian  salt  lakes,  and  it  would  seem  that 
subsequent  earth -movements  produced  some  folding  and  ridging 
up  of  the  crust  along  certain  north  and  south  lines  which  gave 
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rise  to  the  fonnation  of  new  wster-bEi8iii&  In  tbeae  depreasionai 
the  beds  we  know  aa  Banter  were  laid  down,  thoae  of  the  British 
region  being  probably  aBpaiated  from  those  of  Gennany  by  one  of 
the  north  and  south  ridges. 

It  would  also  appear  that  a  farther  nplift  of  the  Pennine 
range  took  place  at  this  time,  the  Permian  beds  on  each  side 
receiving  a  slight  outward  tilting  so  that  the  lower  I'riassic  deposits 
were  laid  down  across  their  edges,  and  doubtless  in  many  places 
overstepped  them  on  to  the  Carboniferous  rocks.  The  Pennine 
range  maat  have  formed  a  mach  more  lofty  range  of  hills  than  it 
does  now,  and  it  is  probable  that  most  of  its  sorfEux  then  consiBted 
of  the  Millstone  grit  division,  the  erosion  of  which  doubtless 
contributed  much  of  the  sand  that  enters  into  the  composition  of 
the  Bnnter  sandstones  and  pebble  beds. 

Thus  in  early  Triasaic  times  there  seem  to  have  been  three 
separate  areas  of  deposition  :  one  in  the  south  over  parts  of  Devon, 
Somerset,  and  Dorset,  one  in  the  north-weat  over  the  site  of  the 
western  Permian  basin,  and  one  in  the  north-east^  of  which  the 
eastern  boundary  is  unknown. 

Let  us  first  consider  the  conditions  which  prevailed  in  the 
southern  area  during  Banter  times.  We  find  it  bounded  on  the 
west  and  south  by  continuous  and  probably  mountainous  land 
extending  from  Wale^  throi^h  Devon  and  Cornwall,  to  France 
and  Belgium,  the  shorea  of  the  lake  rnuoing  across  from  South 
Devon  toward,  and  perhaps  into  Normandy,  where  there  is  a 
small  area  of  Trias,  though  it  is  doubtful  whether  any  of  it  is  of 
Bunter  age.  The  Bristol  Channel  was  a  fiord  narrowing  westward 
instead  of  eastward,  aa  now,  and  there  were  probably  other 
similar  inlets  or  totda  running  westward  into  the  Devonshire 
mountains.  On  the  east  and  north  this  lake  was  bounded  by 
land  which  stretched  from  Belgium  through  the  east  of  England, 
and  was  united  to  Wales  by  an  isthmus  over  the  present  counties 
of  Worcester,  Gloucester,  and  North  Somerset,  the  Mendip  Hills 
and  the  Clifton  Downs  being  a  part  of  thia  isthmus. 

The  pebble  beds  of  Budleigh  Salterton  testify  to  the  existence 
of  strong  currents  or  of  torrential  rivers,  and  the  current-bedding 
indicates  movement  from  the  westward,  but  the  assemblage  of 
pebbles  is  not  one  which  the  neighbouring  western  areaa  could 
famish,  and  as  some  similar  rocks  occur  in  Brittany,  they  may 
have  come  from  the  southward  or  the  south-westward,  possibly 
from  land  between  France  and  Ireland  which  has  long  since  been 
destroyed.  . 

Passing  now  to  the  Midland  and  north-western  area,  we  find 
the  Bunter  extending  from  the  neighbonrhood  of  Worcester  and 
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£inniiigbun,  through  Staffordshire,  Shropshire,  Cheshire,  and 
Laocashire,  and  bordering  the  coaat  of  Camberland  in  a  manner 
which  shows  that  it  maat  underlie  a  considerable  part  of  the  sea 
between  that  coast  and  the  Isle  of  Man.  Thence  it  emerges  again 
to  the  south  of  the  Solwaj  Firth  and  extends  into  the  Carlisle 
basin.  In  all  probability,  also,  it  stretched  some  waj  inland  from 
the  head  of  KCorecambe  Bay,  and  may  have  been  continnoua 
with  the  strip  which  still  remains  in  the  valley  of  the  Eden,  so 
that  the  Lake  District  may  have  been  an  island  in  the  great  plain 
of  the  Bunter,  which  at  its  northern  end  seems  to  have  held  the 
waters  of  a  salt  lake  for  a  time  at  any  rate. 

As  the  lower  red  gypsiferoua  marls  of  Cumberland  do  not  occur 
to  the  south  of  Morecambe  Bay  there  is  no  evidence  that  the 
Boutheni  part  of  the  area  above  indicated  was  permanently  filled 
with  water  during  the  Bunter  epoch.  In  fact,  there  are  strong 
reasons  for  believing  the  mass  of  the  Bunter  beds  to  be  terrestrial 
deposits,  partly  of  the  nature  of  blown  sand  and  partly  of  gravelly 
detritus,  such  as  is  brought  down  by  rivers  whidi  only  come  into 
existence  after  periodical  rains.  In  other  wordi>,  it  has  been 
eu^ested  that  it  is  to  the  deserts  of  Central  Asia  and  Arabia  that 
we  must  look  for  deposits  analogous  to  those  of  the  Bunter. 

We  may  just  glance  at  the  north-western  area  to  note  the 
disappearance  of  pebbles  northward  although  the  enveloping  sand- 
stone continues,  and  the  nearly  simullaneous  incoming  of  saliferous 
marls  at  the  base  of  the  formation,  facts  which  suggest  the  exist- 
ence of  a  pebbly  plain  ending  northward  in  a  salt  lake. 

The  pebble  beds  of  the  Midland  area  have  given  rise  ta  much 
discussion,  and  several  conflicting  views  as  to  the  source  of  the 
pebbles  have  been  put  forward.  The  facts  to  be  accounted  for 
may  be  summarised  as  follows : — 

(1)  The  pebbles  are  well  rounded,  like  those  of  a  sea-beach  or  such 
as  have  been  carried  for  a  long  distance  by  a  rapidly  flowing  river. 

(2)  The  pebbles  are  largest  in  the  more  southern  counties,  and 
gradually  diminish  in  size  and  in  number  northward. 

(3)  The  pebble  beds  occur  on  both  sides  of  the  Pennine  anticline, 
and  pass  northward  into  sandstone  without  pebbles. 

(4)  The  commonest  pebbles  are  those  of  rocks  which  can  at 
present  only  be  matched  in  Scotland  and  in  Scotch  conglomerates  ; 
the  common  quartzites,  the  quartz-felspar  grits,  and  some  of 
the  felatones,  all  resemble  Scotch  rocks  more  than  any  rocks  now 
exposed  in  the  Midlands  or  in  Wales. 

(6)  There  are,  however,  pebbles  resembling  those  of  Budleigh 
Salt«rton  which  contain  fossils  of  the  sonthem  Devonian  and 
Ordovician  rocka 
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Professor  Bonney,  relying  on  Damben  1  and  4,  mamtaiiis  that 
the  pebbles  have  be^  brought  by  riven  from  the  north,  but  he 
is  unable  to  give  a,  eatisfactory  explanation  of  facts  2  and  3.  He 
also  fails  to  explain  number  S. 

Mr.  W.  J.  HarriBon  atguee  from  facie  2  and  3  that  the  pebbles 
muat  be  of  local  origin,  and  have  been  derived  from  areas  of 
Paleeozoic  rocks  now  concealed  beneath  the  Neoioic  strata  of  the 
Midlands  ;  but  this  conflicts  with  the  statement  number  4,  and 
fails  to  account  for  the  rounding  of  the  pebbles,  unless  they  have 
been  derived  from  a  concealed  Faheozoic  conglomerate. 

Thirdly,  it  has  been  suggested  that  the  pebbles  may  have  been 
carried  northwards  by  a  river  flowing  off  the  Paleozoic  rocks 
which  are  known  to  occur  in  the  south-east  of  England.  This 
would  satisfactorily  explain  numbers  1,  2,  and  3,  and  ia  not 
inconsistent  with  number  6,  but  conflicts  with  number  4,  for  we 
have  no  ground  for  assuming  that  rocks  of  the  special  types 
mentioned  occur  in  that  district 

Thus  no  certainty  has  yet  been  arrived  at,  but  for  further 
iuformation  on  the  subject  the  reader  is  referred  to  Professor 
Bonney's  latest  paper  {Quart.  Joura.  GtoL  Soc  vol.  Ivi  p.  287),  and 
to  the  author's  Building  of  the  Brititk  Iilei,  second  edition  (1892). 
It  may  be  mentioned,  however,  that  Professor  Bonney's  hypolhesia 
requires  three  rivers  to  account  for  the  disposition  of  the  pebbles — 
two  to  bring  the  pebbles  into  Central  England,  and  one  to  bring 
similar  pebbles  into  Devon.  Again,  if  a  Bouthem  or  south-western 
source  can  be  claimed  for  the  Devon  pebbles,  a  similar  source  may 
be  looked  to  for  the  Midland  pebbles,  though  doubtless  by  a 
different  route.  Finally,  rivers  flowing  from  the  southward  would 
And  natural  debouchments  in  saline  lakes  at  the  northern  end  of 
the  long  Bunter  plains  after  they  had  dropped  their  load  of 
pebbles  and  sand,  whereas  rivers  flowing  from  the  northward 
could  not  possibly  cany  pebbles  through  such  lakes  if  they  were 
of  a  permanent  nature.  Moreover,  the  very  existence  of  such  lakes 
in  the  north  argues  a  slope  from  south  to  north. 

The  break  between  the  Bunter  and  the  Keuper  is  most  apparent 
in  the  Midlands,  and  is  hardly  traceable  in  the  extreme  nor^,  nor 
is  it  very  clearly  marked  in  Devon.  It  presente,  in  fact,  just  such 
evidences  of  erosion  as  we  might  expect  to  find  if  tracts  of  dry  sandy 
plain  were  converted  into  lakes  by  an  increase  in  the  rainfall  of 
the  surrounding  districts,  and  there  are  two  reasons  for  thinking 
that  this  formation  of  lakes  was  a  consequence  of  subsidence  :  first, 
the  subsidence  indicated  by  the  Muschelkalk  of  Germany  muet 
have  brought  the  sea  nearer  Britain  at  the  beginning  of  the  Eenper 
epoch ;  secondly,  the  Eeuper  marls  pass  up  gradually  into  a  marine 
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deposit  Thna  we  may  sofelj  aomime  that  the  Eenper  was  formed 
during  a  time  of  Aovr  geaeral  Bubeideuce  which  ended  in  the  sub- 
mergence of  all  the  laciutriue  areas  beneath  the  Rhietie  aea. 

During  the  formation  of  the  Lower  Eeuper  saodetonM  the 
sonth-weatem  area  still  remained  a  separate  baain,  while  the  two 
northern  tracts  were  united  into  one  lat^  lake  which  must  hare 
had  somewhat  the  shape  of  an  irregular  hone^ihoe.  Later  on, 
however,  when  several  hundred  feet  of  sandstone  and  marl  bad 
been  deposited  in  both  the  northern  and  southern  areas,  the  waters 
rose  over  the  intervening  barrier,  and  a  large  inland  sea  was  formed 
which  extended  sotithward  bctobs  the  English  Channel  into  the 
north  of  France. 

The  ripple-marks,  sun-cracks,  and  reptile-tracks  so  frequent  on 
the  sur^tce  of  the  Eeuper  standstones  show  that  the  volume  of  the 
lake-waters  was  aubject  to  variations,  and  that  there  were  times 
when  tracts  of  sand  were  exposed  and  dried  in  the  sun,  and  on 
these  the  strange  Amphibia  of  the  period  have  left  their  footprints. 

The  epoch  of  the  Rhietic  shales,  or  Avicula  contorta  zone,  marks 
the  time  when  the  depression  had  proceeded  so  far  ss  to  snbmei^ 
the  lowest  tract  of  land  which  la;  between  the  great  salt  lakes  and 
the  wide -spreading  southern  ocean.  It  is  very  probable  that  at 
this  time  the  level  of  the  water  in  the  salt  lakes  had  been  greatly 
reduced  by  evaporation,  and  was  perhaps  many  feet  below  that  of 
the  sea  outside,  so  that  when  the  dividing  barrier  was  submerged 
the  sea  waters  would  rapidly  invade  the  lake  basina  and  fill  them 
up  to  a  common  level. 

Let  us  consider  the  nearly  parallel  case  of  the  Caspian  Sea  at 
the  present  day.  The  level  of  this  sea  is  86  feet  below  that  of  the 
Black  Sea,  and  it  is  surrounded  by  extensive  low-lying  areas  which 
were  formerly  covered  by  its  water  before  the  sea  shrank  to  ita 
present  dimensions.  If,  therefore,  the  waters  of  the  Black  Sea  were 
to  be  admitted  to  the  Caspian  area  through  a  general  subsidence  of  the 
region  they  would  rapidly  raise  the  level  of  that  sea  by  85  feet^  and 
in  BO  doing  would  submerge  a  large  part  of  Central  Asia.  Snck  a 
submergence  would  not  only  alter  the  conditions  of  aquatic  life, 
but  would  completely  change  the  climate  of  the  whole  region. 

So  when  the  Rhsetic  sea  invaded  the  Triassic  lakes,  their  scau^ 
lacustrine  fauna  was  extinguished  and  replaced  by  a  new  marine 
fauna,  the  climate  of  the  surrounding  country  was  changed,  a 
fresh  flora  clothed  the  adjacent  slopes,  and  the  hum  of  insects  filled 
the  air.  These  are  not  mere  imaginative  asserticns  ;  we  may  take 
them  as  historic  facts  to  be  read  from  the  actual  Rhietic  records. 
The  bone  beds  testify  to  the  suddenness  of  the  invasion  and  to  the 
inability  of  the  Triassic  fish  to  survive  the  change.     The  abundance 


.V  Google 


THE  TBIASSrC  SYSTEM  329 

of  small  bivalve  MolloBca  shows  that  new  apecies  immediately  made 
their  we.j  iDto  the  area  from  the  eea,  but  did  not  find  the  couditione 
immediately  suitable  for  vigoroaa  growth.  The  plant  and  inaect 
Temaius  bear  testimony  to  the  alteration  of  the  climate,  the 
humidity  of  the  air,  and  the  general  fertility  of  the  surrounding 
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NOUBNCLATDBE  AND  DiVIBIONB 

Frou  the  prevalence  of  oolitic  limeBtoues  in  the  central  part  of 
this  BjBtem  in  England  it  was  termed  the  Oolitic  series  (by 
Conybeare  and  Phillips  in  182S);  subsequently  the  Liaa  \raa 
described  as  separate  from  the  Oolites,  and  the  two  together  were 
termed  the  Jiiragfic  System,  that  name  being  need  on  the  Continent 
fur  the  equivalent  rocks  which  form  the  Jura  Mountains  betveen 
Prance  and  Switzerland. 

The  division  into  Lias  and  Oolites  ia  an  unequal  one,  and  a 
more  natural  urrangement  divides  tlie  whole  Jurassic  system  into 
three  great  series — a  Lower,  Middle,  and  Upper.  This  arrangement 
will  be  adopted  in  the  following  pages,  and  the  minor  groups  which 
constitute  the  three  great  divisions  of  the  Jurassic  system  are  given 
below,  with  the  average  thickness  of  each  series  in  the  south  of 
England : — 


{Purbeckiau 
Corallisn 
Offordlan 

Middle  Jurassic  i  Great  Oolite  (Bathouiui) 
Series         llnfsrior  Oolita  (B^c 


-.-JIb  Lies 
I  Lovrer  Lias 


The  Lias  is  essentially  a  clay  formation,  with  occasional  bands 
of  limestone  and  ironstone  of  variable  thickness. 

The  Middle  Jarassie  series  coDaistB  mainly  of  limestones,  with 
only  subordinate  bands  of  day. 


sso 


.V  Google 


THE  JURASSIC  SYSTEM  331 

The  Upper  Janssic,  again,  is  an  argillaceooe  series,  the  lime- 
BtoDes  being  discontinuous  &nd  sometimea  absent  or  replaced 
by  clajs. 

The  most  persistent  formations  are  the  three  great  clays :  the 
Lower  Lias,  the  Oxford,  and  the  Kimeridge  claj.  These  iimge  all 
across  England,  and  form  broad  tracts  of  low-lying  land,  while 
the  intermediate  limestones,  where  they  are  well  developed,  form 
long  ridges,  with  escarpments  facing  the  west  or  north-west,  in 
consequence  of  the  prevalent  easterly  dip  (see  Figs.  64  and  65). 

It  was  loi^  a^  remarked  by  Dr.  Backland,  that  a  line  drawn 
through  England  from  the  mouth  of  the  Tees  to  the  coast  of 
Dorset,  and  corresponding  with  the  base-line  of  the  Jurassic 
system,  would  divide  the  country  into  two  totally  dissimilar  parte, 
contrasting  strongly  with  each  other,  both  in  their  physical  and 
economical  aspects.  The  country  to  the  north-west  of  this  line  is 
chiefly  composed  of  PaI»o£oic  rocks,  which  often  rise  into  barren, 
mountainous  tracts,  but  which  in  many  places  contain  valnable 
minerals,  such  as  coal,  iron,  lead,  copper,  and  tin.  The  country  to 
the  south-east  of  the  line  is  entirely  Neoioic  ground,  the  greater 
part  of  which  has  a  fertile  soil,  but  little  subterranean  wealth,  and 
few  parts  of  wliich  rise  to  an  elevation  of  900  feet.  The  first- 
mentioned  part  of  the  country  is  largely  inhabited  by  a  mining 
and  manufacturii^  population,  while  the  inhabitants  of  the  eonth- 
eostem  districts  are  chiefly  employed  in  agricultural  pursuits. 

Life  of  the  Pebiod 

The  rate  of  change  in  the  organic  world  and  the  differentiation 
of  species  appears  to  have  become  much  mor«  rapid  in  Jurassic 
times  than  it  had  been  in  Paleozoic  times,  so  that  any  given  group 
of  species  has  a  much  less  vertical  range,  and  consequently  a  mneh 
smaller  set  of  strata  requires  separate  description.  It  will,  there- 
fore, be  convenient  to  consider  each  of  the  three  major  divisions  of 
the  system  separately. 

With  respect  to  the  life  of  the  period  the  prevalent  genera  and 
the  characteristic  species  of  each  division  will  be  treats  separately, 
but  it  will  be  convenient  here  to  point  out  the  distinguishing 
features  of  the  Jurassic  fauna  as  a  whol& 

In  the  first  place,  it  was  an  "ojk  of  BffptUet^  and  it  is  specially 
characterised  by  the  remarkable  development  of  the  orders  Dino- 
«aWTta,  PUrowaria,  letUhyopterygia,  and  Sanropterygia,  Theae  orders 
survived  into  the  Cretaceous  period  and  then  became  extinct  The 
Dinosanria  were  l^ud  animals,  and  many  were  of  gigantic  size  (from 
20  to  40  feet  loj^) ;  in  most  cases  their  hind  limbs  are  much 
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loDger  and  strongeT  than  the  fore  legi,  so  that  the;  coald  walk  in 
an  upright  position  like  a  kangaroo.  Some  were  camivoroiiH  (aa 
Megalotaunu)  and  some  herbivorous  (as  CeHotaurvt).  The  Ptero- 
imaria  are  Reptiles  adapted  for  the  purpose  of  flight  in  the  air,  and 
thus  possess  manj  biid-like  characters,  such  as  pneumatic  bone^ 
keeled  sternum,  and  more  or  less  bird-like  skull ;  tbeir  membranous 
wingH  were  attached  to  the  aides  of  the  body  and  the  greatly 
elongated  fifth  digit.  The  other  two  orders  were  specially  adapted 
for  life  in  the  sea,  both  pain  of  limbs  being  modified  into  the  form 
of  paddles  or  flippers.  Bepresentatives  of  the  orden  CrocodUia  and 
Chdonia  alao  occui. 

True  Birdt  aleo  make  tbeir  appearance,  but  are  known  by  two 
specimens  only,  found  at  Solenhofen  in  Bavaria.  They  are  re- 
ferred to  tbe  genus  ATchaopttryx,  which  exhibits  strong  Reptilian 
affinities,  possessing  teeth  and  a  long  narrow  tail  of  twenty  separate 
vertebrae,  each  of  which  apparently  carried  a  pair  of  featbere ; 
the  wings  are  bird-like,  and  the  creature  was  about  the  size  of  a 
common  pigeon. 

Remains  of  Manimttlia  have  been  found  at  two  horizons,  in  the 
Stonesfield  slate  (Bathonian)  and  in  the  Porbeck  beds.  One  genus 
(Plagiaulax)  belongs  to  the  Prototheria,  tbe  rest  to  the  Matsnpalia, 
which  claas  now  appears  for  the  first  time.  Of  Marsupials  the 
Stonesfield  slate  has  yielded  five,  and  the  Purbeck  beds  ten 
genera. 

Another  special  feature  of  the  fauna  is  the  great  abundance  and 
variety  of  tbe  Ammonoid  Cephalopoda.  A  few  genera  such  aa 
Phylleceraa  appeared  in  Tria«sic  times,  but  a  large  number  appear  in 
Jurassic  rocks,  and  many  are  confined  to  the  period.  The  genus 
NavHlvt,  which  alao  dates  from  the  Triassic  period,  is  the  only 
representative  of  the  Falffiozoic  Nautiloidea.  BeUmniUt,  a  genus 
of  Dibranchiate  Cephalopoda,  appears  in  the  Lias  and  reaches  its 
maximum  development  in  Jurassic  times. 

Among  Lamellibrancbia  the  Ostrcidtc  and  Pectinidte  become 
abundant,  and  the  genus  Gryphma  is  very  characteristic  of  the 
period  ;  Trigimia  also  is  abundant. 

Among  £!cbinoderma  the  true  Echinids  (Kuechinoidea)  make 
their  appearance  in  England,  and  are  very  abundant  both  in  species 
and  indiTiduals.     Corals  also  abound  in  most  of  the  limestones. 

Plants  occur  at  several  horizons,  and  Cjcadaceta  are  so  abundant 
that  botanists  have  called  the  Jurassic  period  the  "age  of  Cycods." 
The  chief  genera  are  Zcanitit,  OtmamiUt,  Mantellia,  Niluonia,  Ptero- 
phylliivi,  and  JVUliammnia.  Ferns  continue  to  be  common,  and 
conifers  were  represented  by  genera  ollied  to  the  modem  Aravcaria, 
cypress,  and  yew. 
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A.  The  Lias  or  Loweb  Jurassic  Serixb 
Subdivisions. — This  aeries  has  on  the  whole  a  very  unifonn 
lithological  aspect  throughout  EngUtid.  It  umsiata  almost  every- 
where of  four  successive  seta  of  etrattt,  and  might  with  good  reason 
be  divided  into  four  stagea  iustead  of  the  three  which  are  usually 
adopted  in  England,  for  such  a  subdivision  ia  not  inconsistent  wiUi 
the  range  of  the  fossils,  and  ia  actually  in  oae  on  the  Continent  (see 
table  below).  Thus  (l)  its  lowest  beds  are  more  or  less  calcareou% 
and  conaiat  generally  of  thin-bedded  limestones  and  shaly  clays ; 
(2)  above  these  cornea  a  thick  mass  of  dark  gray  clays  ;  (3)  these 
are  succeeded  by  aaudy  clays  and  sandy  limestone  (marlstone) ; 
{4)  while  at  the  top  are  thin  limestones  and  marly  clays. 

A  further  subdivision  of  the  Lias  into  zones  has  resulted  from  a 
careful  study  of  the  distribution  of  its  fossils.  These  zones  are  each 
characterised  by  one  nr  more  species  of  Ammonites,  and  though 
some  of  them  are  more  or  less  local,  and  cannot  be  traced  all  across 
England,  they  can  he  grouped  into  nine  principal  zones  which  aie 
so  traceable.  The  following  table  shows  the  divisions  in  general 
use,  the  principal  zones,  and  the  continental  divisions : — 

Litbologr-  ZanEH.  ConC  Equiv. 


Lower  Ijas 


Clsjs    . 
Limestones 


.    spinstuB        \  Plienlbachian. 
margaritatus  j-  or 

capncornuB  J  Charmonthien. 


Jamesoui 


ISineamriGD. 


;;    plauorbis      jHetUngien. 


LoWEfi  JoBASBiC  Life 
The  reader  may  be  reminded  that  throughout  Triassic  times  our 
islands  formed  part  of  a  continent  which  occupied  the  northern 
part  of  Europe,  and  some  part  at  least  of  the  North  Atlantic  region, 
and  that  it  was  not  until  the  Rheetic  epoch  that  the  inland  lakes 
of  this  continent  were  submerged  beneath  the  waters  of  an  open 
sea..  Further,  the  fauna  of  the  British  Rhxtic  beds  or  zone  of 
Aviada  carUorta  contains  but  a  small  number  of  apeciea,  and  it  was 
not  till  the  time  of  the  Liaa  that  conditions  were  favourable  fur  the 
establishment  of  a  new  and  abundant  marine  fauna  in  the  BritiiOi 
region.  We  are  thus  suddenly  presented  with  an  assemblage  of 
fossils  which  is  very  different  from  those  of  the  Carboniferous  and 
Permian  periods,  and  for  the  ancestors  of  which  we  must  search 
the  marine  Trias  of  Southern  and  Central  Europe. 
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The  foUomug  are  some  of  the  geneia  which  are  not  known  in 
Britain  before  the  age  of  the  Lias,  though  some  occur  in  the  Alpine 
Trias.     Those  preceded  b;  an  asterisk  did  not  survive  the  Jurassic 

AnthozoB. — Astrocanio,  *Cyathoci»nia,  '"Heteraatreo,  Isastre&, 
Ifontlivalta,  *St;la3trea,  Thamnastrea,  Tbecosmilia,  Trochocyatbua. 

Eohlnoderma. — *Pentacrinua,  Isocrinus,  Ophioderma,  Ophio- 
lepis,  Acroaalenia,  Cidaris,  Ehabdocidaria,  Hemipedina,  Pseado- 
diadema. 

Orustaoea.— •.lEger,  •Eryma,  Eryon,  Glyphcea,  *Penieus, 
'ScapbeDS. 

Braohiopoda. — Waldheimia,  Thecidiam. 

Lamellibranohla. — Aatarte,  *Cardinia,  Cardita,  •Ceromya, 
Corbula,  Cuculleea,  Trapezium,  Exogyra,  Ooniomya,  *Oreselya, 
Oryphcea,  Velopecten,  *Hippopodium,  Homomya,  Inoceromus, 
Macrodon,  Hyoconcha,  Opis,  Oatrea,  Pema,  Pinna,  Pholadomya, 
Pleuromya,  *Tancredia,  Thracia,  Trigonia,  Unicardium, 

QastropodA.  —  *Alaria,  Actsaonina,  Amberleya,  Cerithium, 
'"'Ceritella,  '*Crypteenia,  Cylittdrites,  '*Ezelisaa,  Littorina,  Mono- 
donta,  Nerita,  Neritopais,  Patella,  PBeudomelania,  *Pnrpuriiia, 
Solarium,  *Trochotoma,  Tumtella. 

OspbalopodfV. — '"'.^goceras,  Amaltheus,  Ancyloceras,  ''Arie- 
tites,  ''^Cffiloceraa,  ^Dactylioceras,  *Den>ceraa,  Harpoceras,  *Hai^ia, 
*Hildoceia£^  •Grammoceraa,  Lytoceras,  *Ophiocera8,  *Phylloceraa, 
'"'Fsiloceras,  *SchIatbei<>iia,  '"'Stepbanoceras,  fielemnitea. 

Pisoes. — Acrodus,  "^Dapediua,  *Eiignathus,  Hybodna,  Lepi- 
dotos,  '"'Leptolepis,  ^Pholidopborus. 

BeptUla. — *Dimorphodon  (a  Pterodactyle),  •Scelidoaanrm  {a 
Dinosaur),  ^Steueosaurua  aod  '"'PelagosauroB  (Crocodiles),  *Tbaama- 
toaauruB,  Ichthyosaurus,  Pleaiosaurus,'  and  Eretmosaurus  (the  last 
three,  however,  are  represented  in  the  Rhtetic  hone  beds). 

Fbtsitt  of  the  Lower  Lias 
Aclinoiaa.       MoDtlivaltia  rugosa,  Hatetaetrea  Tomasi. 
Echi7u>ilerma.  Peutacriaai      briareus,    laocrinns     baaaltifornus,    Cidsm 

EdvardsL 
Brachiopoda.  Spiriferina  Walcotti,  fthynchonella  variabilia,   R.    rimosi, 

Waldheimia  numismalis. 
Lajitellibranchia.  Avicula   cygnipes,  Cardinia  Listeri,    Gnrphaui   arceata 

(  =  ii]CurTa),  Hippopodium  ponderDsum,   Lima  gigantea, 

Avicula  (Peeudamouotis)  decuBaata,  Oatrea  liassica. 
Qattropoda.     Pleurotomaria      anglica,      Crypteaia     axpanBa,     Amber- 

leysi  elegans. 
Cephalopoda.  The  following  AnimonLteg   cbaracteriae   zones   or  subzones 

in     aaoending    order,   Am.   '""'' '    ""' *■"     *"' 

(Schlotbeimia)   angulatus,    . 


.V  Google 


THE  JURASSIC  SYSTEM 


335 


Am,  (Arietites)  BetnicoeitstUB,  Am.  (Ariatites)  Tumeri,  Am. 
(ArieCites)  obtunia,  Am.  (Oiynoticeras)  oiynotua,  Am, 
(Opbiocena)  rsricostatus,  Am.  (Derocenu)  anuatus, 
Am.  (,£goceraa)  J&maKoni,  Am.  (Amaltheus)  ibex.  Am. 
(Mgocevaa)  capricomus.  Bclemnites  acutos,  B.  elougatua, 
B,  clavatDs.  Nautilus  atriatiu.  ^ 

Dupadiiu  punctatus,  Hjbodus  reticulatus,  Acrodus 
Anningie. 

Icbthyoaam^ia  commnnia,  Plesiosaunia  dolichodeirus. 


Fcanis  o/lhe  Aliddle  Lia: 


tbynchouella    tetriLhedra,    R. 
tata,  Waldheimia  reaupinatA. 
Lamellibrane/iia.  A.vicn\ii  inxqmvalvii,  Cardim 
Qreeslya    iotermedis,   Lima 


Terebratula    pmic- 


Oatlropoiia.     Trochua  lin«atus. 
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(^Aaiitfoda.   Am.  (Anultheus)  msrnritatns,  Am.  (AnuUheus)  spiiuttus, 

Am.  (Lytocena)  finibmtua,  Belemnites  paxilloani. 
Jb^ilia,  ThaunutoBsarUB  propinquna. 


b.  OTTpbmHrcvuU. 

c  BIppopoiUuin  poinlotc 

it.  Pleurotoiimrla  uigtlia. 


fossil*  ef  the  Upper  Lina 
Echinodtmia,  FeuUcrinua  jurenais. 

Braehiopoda.  KiiyocliaiielU  jureusii,  Watdiinimiu  Lycetti,  DiscJna  reflex*, 
L«ptieiia  Moorei. 
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Lamdlibraaehia.  Inocaramus  Jnb[uB,  Oreailfs  donaciformU,  NDoalaQS 
ovum,  Pectan  pumiliia,  Fosidononiya  Bronni. 

QaHTopoda.     Trochus  liueatus. 

CejAalopcda,  Am.  ([>ictyliocenui]  annuUtuB,  Am.  (HarpoiHinu)  serpentiiiua. 
Am.  (DBcCylioceraa)  communis,  Am.  (Ilildocens)  bifrous, 
Balamuites  abbreviatus,  B.  Voltzii, 

Piaces.  Lepidotui  elvensis  ( =  gigw),  LeptoUpU  conoeatricua. 

JUplilia.         Ichthyosaurus  acutirostris,  8t«neosaurus  Chapmanni. 

Stratiobapht 

The  Lias  occapiea  the  coast  of  Dorset  from  Lyme  Regis  to  Brid- 
port  harboDr,  it  stretchee  inland  to  Ilraimter,  Petherton,  and  Yeovil, 
and  thence  posses  northward  to  the  Mendip  Hills,  where  all  the 
divisions  become  very  thin.  North  of  Bristol  it  thickeos  again  and 
forms  a  hroad  tract  ruoniug  through  the  counties  of  Olouceeter, 
'Warwick,  Northampton,  Leicester,  Lincoln,  and  York.  Another  fine 
coast  section  is  exposed  in  the  cliSs  of  the  Yorkshire  coast  betneea 
Redcar  aiid  Whitby. 

Ontlyii^  tracts  of  Lias  occur  in  Staffordshire,  at  Needwood 
Forest,  and  north  of  Abbots  Bromley  ;  in  Shropshire,  between 
Wem  and  Andlem,  and  in  Cumberland,  near  Carlisle,  proving  that 
the  formation  or^nally  extended  far  to  the  north-west  of  ita  main 
line  of  outcrop.  There  is  little  doubt,  indeed,  that  the  Lias  was 
ODce  co-extensive  with  the  Trias,  but  there  is  no  indication  that  it 
ever  extended  very  far  beyond  the  limits  of  the  Keuper  marls. 

In  Scotland  remnants  of  Lias  occur  above  the  Trias  on  the  west 
coast,  and  it  ia  also  found  on  the  east  coast  of  Sutherland. 

In  Ireland  Liassic  rocks  crop  out  in  certain  places  from  beneath 
the  Cretaceous  rocks  of  Antrim,  but  only  Lower  Lias  is  found,  the 
higher  beds  having  been  removed  before  the  deposition  of  the 
Cretaceous  rocks. 

With  regard  to  the  eastward  subterranean  extension  of  the  Lias 
in  England  it  is  known  that  its  upper  beds,  as  they  pass  beneath 
the  higher  members  of  the  Jurassic  system,  thin  very  rapidly. 
Thus  in  a  boring  at  Burford,  in  Oxfordshire,  the  Middle  and  Upper 
Lias  are  together  less  than  30  feet  thick  ;  the  Lower  Lias  ia  there 
about  620  feet  thick,  and  the  Rhtetic  is  10  or  12  feet ;  but  between 
that  place  and  Richmond  the  Lias  has  wholly  disappeared,  allowing 
rocks  of  the  Middle  Juiassic  series  to  rest  directly  on  rocks  which 
are  either  of  Triassic  or  of  Old  Bed  Sandstone  age.  It  would 
appear,  therefore,  that  between  Richmond  and  the  Malvern  Hills 
the  width  of  ground  now  occupied  by  the  Lias  is  less  than  100 
miles.  No  trace  of  Lias  has  been  found  in  any  of  the  deep  borings 
that  have  been  made  in  the  eastern  counties.  Northward  it  may 
underlie  part  of  Cambridgeshire,  but  it  thins  out  beneath  Suffolk, 
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for  &  boriug  at  Colford,  near  Bury  St  EdmundB,  proved  the  Lower 
CretaceooB  beds  to  reat  directly  on  Palaeozoic  rocks. 

The  chief  zonal  and  provincial  features  of  the  English  Liaa  may 
be  indicated  by  the  description  of  five  special  districts  :  (1)  Dorset, 
(2)  Sometset  and  Gloucester,  (3)  WaFwickahire  and  Notihampton- 
ahire,  (4)  Lincolnshire,  (5)  Yorkshire. 

1,  Dorut  Coatt 
Ijower  liiaa — The  succession  of  beds  which  constitute  the 
Lower  Lias  at  Lyme  Regis  is  as  follows  in  descending  older : — 

Green  Ammonite  /  Bluish  gray  marly  claya  with  Am.  Loicombei\   .„, 
beds  \BluiBh  gray  marly  clays  with  Am.  latcceosta  } 

T).i.»  it   1 I.     fPalegraymarlsTithaomomarly limestones; 

Belem»ite  beds    j     fJi^a^        .         .         ,      \        .         .'       gO 


DiscK  Biiues  y^^^  ^^y  g]|^,gg  g,jj  limestanea  with  Avi. 

\     obtiims  and  Am.  Brookti  .        .        .      170 

|'3hales  and  marls  with  Am.  semieastalua  19 

I  Limestones  and  ahsly  clays  with  A  m.  Buck- 

Blue  Lias             -]      landi  and  A-iit.  angulaim         ...        64 
I  Limestones  with  Am.  planorbit  and  Osfivu 
l_    liamiat 22 

-ISO 
The  succession  of  zones  and  subzones  is  normal  up  to  that  of 
Am.  TarioMtatut,  but  above  that  the  typical  Ammonites  are  rare. 
The  Betemnite  beds  arc  supposed  to  represent  the  armotui,  Jameaoni, 
and  ihtx  zones,  but  the  two  latter  species  of  Ammonites  do  not 
occur.  The  succeeding  beds  may  be  regarded  as  the  equivalent  of 
the  zone  of  An.  capricomui,  and  its  subzone  of  Am.  HenUyi. 

Middle  Lias. — This  division  is  exposed  in  the  clifFa  between 
Charmouth  and  Bridporl,  and  presents  the  following  succession  ; — 

Zoneofj^m.     /Ferniginous  limestone  (inarlstoue)  1 

ipinalus         \  Yellow  sands  and  sandy  elsys       ...  77 

{Laminated  micaceiua  sands  and  uUya  .          .  72 

Blue  micaceous  clays  with  limestone  nodiites  160 
"Three   tiers"  of  calcareous  flagstone  with 

sandy  elays  between           ,          ,          ,          ,  35 

ai6 

The  bine  clays  contain  Am.  margaritatui,  Bel.  domjatut,  Plica- 
trUa  tpinoia,  etc,  and  at  their  summit  is  a  bed  of  Calcareous  sand- 
stone known  as  the  Startish  beds,  from  its  having  yielded  two  species 
of  Ophioderma.     The  Marlstone  is  here  a  very  thin  bed. 
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Upper  Uaa — Thu  can  be  seen  in  Westcliff,  south  of  Bridport, 
and  in  some  of  the  Unea  north  of  that  town.  Ita  basement  bed  is  a 
whitish  argillaceoDS  limestone  (1^  to  2^  feet  thick),  which  is  welded 
on  to  the  top  of  the  maflstone,  but  contains  a  verj  different  set  of 
fossils,  including  the  Ammonites  lerpentiniu,  aantilatxu,  and  com- 
munii.  Above  this  limestone  are  about  70  feet  of  gray  sandj  shales, 
which  merge  upward  into  the  Midford  Sands  and  contain  very  few 
fossils,  but  ^m.  radian*  has  been  found  in  their  highest  part,  which 
may  therefore  belong  to  the  zone  of  Atii,  jur«n«u. 

2.   So/nenet,  OloucesUr,  arid  Glamorgan 

Lower  Lias. — In  Somerset  the  beds  forming  the  Lower  Liaa 
are  similar  to  those  of  the  Dorset  coast,  but  the  higher  zones  are 
seldom  exposed.  The  limestones  of  the  lower  zones  have  been 
(|iiarried  at  many  places  from  Ilminster  eastward,  and  are  npwarda 
of  200  feet  thick,  about  half  of  this  belonging  to  the  zone  of  Am, 
planorbis,  and  the  rest  to  those  of  Am.  anguiatun  and  Ath.  Bticklandi. 
The  quarries  at  Queen  Camel  and  Street  have  yielded  many  fine 
specimens  of  Ichthyosaunn,  FlesiotauTTig,  fish,  and  other  fossils,  and 
at  the  base  are  sbaly  limestones  which  contain  remains  of  insects 
and  Decapod  Crustacea  (Eryan). 

Evidence  that  the  higher  zones  persist  is  found  in  the  occurrenco 
of  Am.  tetaicoitatUMj  obtuxui,  and  osryaottu,  but  it  is  doubtful  if  the 
Lower  Lias  is  more  than  400  feet  thick. 

Westward  it  extends  to  the  coast  near  Watchet,  where  the  zones 
of  Am.  planorbit,  angulatu*,  Bucklandi,  and  eemico4tatAu  can  be 
recognised,  and  have  a  thickness  of  about  150  feet. 

Northwards,  however,  there  is  a  rapid  thinning,  so  that  at 
Shepton  Mallet  the  same  four  zones  have  a  thickness  of  only 
33  feet,  overlaiii  by  38  feet  of  clays  and  limestones  referable  to 
the  obtutMt  and  lu^Tiotiu  zones.  Bound  the  Mendip  Hills  there 
are  only  irregular  patches  of  limestone  and  clay  to  represent  the 
whole  of  the  Lower  Lias,  To  the  north  of  the  Mendips,  however, 
it  soon  regains  its  normal  aspect  and  thickness. 

Westward,  in  South  Wales,  there  are  fine  exposures  of  the  lower 
beds  in  the  cliffs  between  Penarth  and  Dunraven  Castle.  At 
Penarth  there  is  a  normal  sequence  of  limestones  and  clays  for 
13Q  feet,  but  when  followed  westward  they  exhibit  a  remarkable 
litholc^cal  change.  At  Sutton  and  Brocastle,  near  Bridgend 
(Qlaniorgan),  they  consist  of  massive  limestones,  conglooieratic  at 
the  base,  resting  either  on  the  Rhstic  sands  or  on  the  Carboniferous 
limestone.  Corals  of  the  genera  AttToamia,  Montlivattia,  and 
Theeofmitia  are  predominant  in  the  basement  beds,  together  with 
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Pieudomonotia  failax  and  Ottrea  liasaica.     The  higher  beds  contain 
AmTnaniUs  angulatua  and  Littorina  elaihTata.^ 

Middle  lilas. — The  beat  locality  in  SomerEet  for  studjing 
thie  division  is  near  Okstonbury,  where  the  succeEsion,  according 
to  Mr.  H.  B.  Woodward,  is  aa  follows  ;— 

3.  Kock-bed  (HarlBtone] up  to      2 

2.  Micaceous  sand;  clays  and  sands 70 

1.  Micaceous  Bliales 110 

Bound  the  Men  dip  Hilh  the  Middle  Lias  becomes  very 
atteouated,  and  ia  represented  Bometimeg  by  a  few  feet  of  marly 
ahale,  and  Bometimes  by  conglomerate  resting  directly  on  Carbon- 
iferous limeatoDC ;  in  other  places  it  is  overlapped  by  the  Inferior 
Oolite. 

Towards  Bath  the  normal  succeasion  ia  again  found,  but  with  a 
thickness  of  only  50  or  60  feet.  Northwards  through  Glouceater- 
shire  the  beds  thicken  considerably,  till  near  Stinchcombe  the 
marlstone  is  16  feel^  and  the  underlying  sands  and  days  are  about 
ISO.  The  MarlBtoue  here  forme  a  conspicuous  lock-bed  which  is 
often  quarried.  It  contains  Am.  apinatui,  Bel.  paxiUotut,  Bhyn, 
UtmhalTa,  Petieii  rEqMwalvit,  and  other  fossils. 

Upper  Uas. — In  Someraet  thia  consists  of  pale-coloured 
limestones  and  marls  at  the  base,  surmounted  by  a  variable 
thickness  of  blue  and  brown  clay  (40  to  70  feet).  In  some  places 
a  layer  of  brown  shaly  clay  aeparatee  the  marlstone  from  the 
Upper  Lias  limestone,  and  this  day  contains  man;  small  brachiopodi, 
such  as  Ltpltena  Moorei,  L.  Bovchardi,  Tkecidium,  rvMicum,  Spiri- 
ferina  UminMerentis,  and  Zellania  liattica.  The  limestone  contains 
the  usual  Ammonites  aa  well  as  Reptilia,  Fish,  Crustacea,  and 
Insects.  The  succeasion  in  Gloucester  is  similar,  and  the  quarries 
near  Dumbleton  have  yielded  many  fish  and  insecta. 

3.   The  Midlands 
Lower  Lias. — Good  sections  of  several  parts  of  the  Lower 
Lias  are   to   be   found    near   Earbuiy  and   Fenny  Compt«n  in 
Warwickshire,  where  the  succession  appears  to  be  as  follows : — 

7.  Clay  wltli  Am.  aanicomug  at  Southam. 

8.  Clay  and  bed  of  shelly  limestone,  Am.  LoKotniei. 

&.  Clays  with  linieatone  nodules,  Am.  Hex,  Am.  Henltyi. 

4.  Clays  with  limestone  bands,  Am.  Jav\aoni,  Am.  armalii3. 

8.  Zone  of  .^m.  (^rynoftu— not  exposed. 

2.  Limsatonea  and  clays  with  Ain.  Budiandi  and  Am.  anffulaiut. 

1.  Blue  clays  and  BhaleB=zone  of  yJm.;>Ii(ii«rbiA 

The  total  thickness  is  estimated  at  about  460  feeL 

DolzeclbvGOOgle 


THE  JURASSIC  SYSTEM  343 

Middle  Uas. — The  best  known  Rnd  most  fully  explored 
sections  of  this  division  are  near  Banbnry,  Deddington,  and 
Uomton,  bnt  its  thicknets  aeems  U>  be  leu  tban  160  fiiet  Ur. 
U.  B.  Woodward''  remarks  that  "the  Marlatone  Rock- bed  is 
perbaps  nowhere  better  developed  than  in  the  countrj  aronnil 
Banbnry.  It  covets  an  extensive  area  to  tbe  north-west,  forming 
a  plateau  that  rises  gradually  from  about  SOO  feet  at  Banbury  to 
the  escarpment  of  Edge  Hill,  710  feet  high,  and  this  area  is 
intersected  by  several  deep  valleya"  The  matlsCone  consists  of 
more  or  less  ferruginous  and  sandy  limestone,  which  varies  from 
IS  to  26  feet  in  thickness.  The  outer  parts  are  always  brown 
from  the  oxidation  of  the  iron,  but  the  centres  of  large  blocks  are 
generally  gray.  The  commonest  fossils  are  Tertbralula  pututata 
and  ShyneJwnella  UtrahtdTo,  which  often  occur  in  clusters. 

Below  the  Marlstone  are  sandy  micaceous  days  with  Ara. 
margarilatiu  and  BeUmnitet  of  several  species.  These  beds  are 
from  100  to  120  feet  thick. 

Upper  Uaa. — In  Northamptonshire  this  has  been  divided  as 
follows : — 

„  ,    ,       f  Clays  with  JfitoiiaTia  otram 

/MDB  Of  ^171.1  Clays  with  fB„  fossils 

eommnni*    [ciija  with  Am.  ernimunw  . 
Zoue  of  Am.  f  SerjientiiiKa  beds 
aerpenlintu  \pBper  shale  and  insect  limeatane 


Up  to  1E6 

The  "  insect  limestone,"  though  a  thin  bed,  yields  many  fossils, 
especially  insects  and  remains  of  fish  as  well  as  Ammonitea  The 
mrpentiifut  beds  consist  of  marl  with  a  limestone  containing  several 
ipecies  of  Ammonitea,  and  though  Am.  terpentintu  is  commoner 
than  Am,  eommunit  in  these  beds,  both  range  up  to  the  lower 
Nitculaaa  ovum  beds,  but  they  do  not  occur  in  the  highest  Nucidamx, 
ovum  clays,  which  contain  Am.  Lilli  and  Am.  lymphantm  with  some 
other  shells  characteristic  of  the  Am.  jwentit  zone. 

4.  LeUeittT,  Rutland,  and  lAncoln 
In  these  counties  we  find  the  following  lones  ;— 

j'CIaje  ixith  Am.  bi/nmi  and  ^ueuiatui  omim. 
iT«.u.  T ;..       Clays  with  Am.  eommunii. 
Upper  Lias    -j  cu>s  with  ^™.  «c™™<iTi,«. 

IShalea  with  tiah  siid  insect  linieetoiiea. 
J  Msrlstone  Rock-bed  {Am.  ipitiatiit). 
Middle  Lias  \  Blue  micaceous  clays  with  septaria  and  bands  of  sandy 
'      "        ■    le  {Am.  margarUalKs). 
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(Blue  clays  with  septsm  {Am.  eaprtamius). 
Blue  clays  niUi  thin  limestoneB  and  septaria  {Am.  ibex 
and  Am.  Jamaoni). 
Snndj  clsTB  and  oonda,  occasionallj  indurated  into  a  atone 
{Am,  aTToatiu). 
Blue  clayB  with  small  soptaria  {Am.  acpuAM). 
{FeiTurlnouB  limestones  with  Am.  lemiaatatm. 
Blue  Clays  and  gray  limestones  {Am.  BueJctandi). 
Dark  blue  pyritoua  clays  {Am,  ajiffuiaiia). 
Limestone  and  shales  {Am.  plajtorbi)). 

Lower  Lias. — The  zones  of  Am.  plartoi-bit.  Am.  attfftda^u, 
and  Am.  Bucklandi  present  the  aame  featnree  as  elsewhere,  and 
have  a  combined  thickness  of  abont  SOO  feet  They  are  suc- 
ceeded by  several  beds  of  hard  ferruginous  limestone  with  inter- 
bedded  shales  (the  Ato.  tsmicoatatui  zone),  which  thicken  northward 
till  they  are  27  feet  thick  at  Scunthorpe  ,and  Frodingham,  where 
they  are  worked  for  ironstone. ' 

The  upper  part  (B)  of  the  Lower  Lias  is  about  470  feet  thick 
in  the  Vale  of  Belvoir,  and  a  boring  at  Grantham  showed  the 
Lower  Lias  as  a  whole  to  he  about  700  feet  thick.  The  (Mvtut 
zone  is  thin  or  absent,  but  clays  with  A.  oxifnofiu  and  A.  Toricodatia 
occur,  and  are  about  80  feet  thick.  Northwards,  however,  the 
thickness  diminishea  The  lower  zones  (A)  maintain  their  thick- 
ness, but  the  zones  of  oscyru^v*,  armalua,  and  Javaaoni  are  repre- 
sented by  cbys  from  100  to  140  feet  thick,  surmounted  by  a  bed 
of  ironstone  about  4  feet  thick,  which  is  known  as  the  "  Pecten 
bed,"  from  the  abundance  of  several  species  of  PecUn.  This  bed 
contains  a  mixture  of  Ijower  and  Middle  Lias  speciee,  and  is  by 
BOine  regarded  as  the  base  of  the  Middle  Lias,  but  its  Ammonites 
are  armatvs,  Htnlegi,  and  gtriatM»,  while  the  clays  above  it  contain 
Am.  capricomut  throughout,  and  not  marrraritotiu.  These  clays  are 
about  70  feet  thick,  and  consequently  the  total  thickness  of  Lower 
Lias  in  this  district  is  from  400  to  440  feet 

Middle  Lisa — In  Rutland  and  along  the  Vale  of  Belvoir  the 
Middle  Lias  presents  its  usnal  zonal  subdivisions,  and  maintains 
a  thickness  of  about  ISO  feet.  The  Morlstone  is  from  20  to  30, 
and  forms  a  bold  escarpment  which  overlooks  the  plain  of  the 
Lower  Liaa  from  Ashwell  by  Holwell,  Belvoir,  and  Orantham, 
near  which  places  it  has  been  largely  worked  for  ironstone.  The 
clays  below  generally  contain  Am.  margaritatus,  Protoeardja  tntneata, 
and  Modiela  KalpTitm  in  abundance.  These  clays  have  been  traced 
northward  to  Lincoln,  where  they  pass  down  into  clays  with  Am. 
capricomui,  but  farther  north  the  Tnargaritaliu  zone  appears  to  die 
out,  and  the  caprtcomw  clays  are  succeeded  directly  by  the  marlstone, 
which  in  North  Liacolushire  is  only  from  7  to  10  feet  in  thickness. 


.V  Google 


"•I 


THE  JURASSIC  ST3TEM 

II 


II! 


I   111 


11 


3|J 

id  s  s-ilj 


,   5 


E'fl'3  -^        ■-3 


till 


.V  Google 


346 


STRATIGKAPHICAL  GEOLOGY 


Upper  Liaa — In  Rutland  and  the  sonth  of  LincolnaHre  this 

division  is  thicker  than  usual,  having  a  thickneea  of  176  feet  near 
Oakham,  but  thins  northward,  being  lens  than  100  feet  at  Lincoln, 
where,  however,  it  is  well  exposed  and  very  fossiliferona.  Near 
Lincoln  it  has  been  subdivided  by  Mr.  W.  H.  Dalton  as  follows  ;— 

■/         f   .        { Sliftles  n~it)i  calcaieons  nodules 3S 

"^mifBii    \  ^'"'^    '"'*'    comminuted    shells,   Atn. 
(      JVueida,  Sammeri,  and  Trigonia  jntllut 

Xone  of  Am.  fShaleB  with  eeptaria  and  ahelly.beds  containing  Am. 
aerjieniinui   \     terpeiUinui,  Am.  luUn^yllua,  etc. 

Zone  of  .^tn.  /Shales  witli    several  layera  of  arj^ltaceoug  limestone 
aniiuiatut     \     (iiah  Hud  insect  limeBtflnes) 


5.   ForiiAtre 

In  the  aoQth  of  Yorkshire,  from  Brough  t4)  Kirhy  Underdale 
and  Howsham,  the  Lias  is  similar  in  all  respects  to  that  of  North 
Lincoln,  but  as  soon  as  the  valley  of  the  Derwent  is  crosaed  a 
change  begins  to  be  manifest,  both  the  Middle  and  Upper  Lias 
swelling  out  till  they  again  attain  a  development  equal  to  that  of 
South  Lincolnshire.  From  Howsham  the  outcrop  curves  round 
by  Thirsk  and  Northallerton  to  the  coast  between  Redcar  and 
Whitby,  which  exhibits  an  excellent  section  of  the  whole  formation 
«icept  the  zone  of  Am.  planorbu,  which,  however,  is  visible  near 
Market  Weighton. 

The  following  is  a  rfyume  of  the  coast  section  ;  ^ — 


/Cement  beds  and  alum  shale  with  ^ 

I     bifnma,  and  Nticaia-na  mnart,  about  100  feet. 

I  Shales  with  jat  beds,  Am.  terpcjUiniit.  B2  feat 

(.Gray  shales  with  Am.  atmulatus,  30  feet 

'Ironstone  (Cleveland  main  seam)  and  shales  below,  zone 

of  Am.  spiruUns,  SO-60  feet 
Ironstone  (loivcr  seam)  or  Pscten  bed,  with  beds  of  marly 
sandstone  below  ;  contains  ^m.  margarUatta  and  Ftdm 
/(evil,  about  100  feet 
Clays  with  Am.  capria>m«i,  130  feet 
Shaly  micaceous  clays  with  Am.  Jamaom,  225  feet 
Clays  with  Ain,  oWlwiw,  Am.  taynUui,  and  rariaulattts, 

100  feet 
Shales  and  limestones  with  Am.  7'um«n'aDd  Am^itMiem- 

taliis,  6  a  feet. 
Shales  anil  thin  limeatones,  xone  of  Am.  Bviidandi,  119 
feet 
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6.  Irelattd 


Beds  of  Lower  Liassic  ^e  occur  011I7  in  the  extreme  north-east 
of  Ireland  -,  they  crop  out  at  several  places  in  Antrim  between  the 
Trias  and  the  Cretaceous  eeries,  bnt  are  frequently  overlapped  by 
the  latter,  and  are  then  concealed  from  view.  The  best  sections 
are  at  Ck>lin  Glen  near  Belfast,  White  Head,  Island  Magee,  Lame, 
and  Glenarm,  but  nowhere  in  the  top  of  the  lower  Lias  exposed. 
The  folfowing  zones  are  found  in  descending  order  : — 

4.  Clays  with  Belemnilea  aealus,  posaibly  representing  the  zone  of  Am. 

Tunuri  and  jim.  temieoatataa. 
3.  Blue  arijilUceous  limestonee,  zone  oi  Am.  Bucklartdi. 
2.  Blue  maily  clays  with  dark  iLmeBtoues,  zone  of  Am.  tmffulaius. 
1.  Black  shales  with  Avi.  planorbU. 

At  Portrush  the  Lias  shales  are  indurated  and  converted  into 
hornstone  by  contact  with  igneous  rock. 

7.   JTat  0/ Scotland 

The  Meeozoic  rocks  of  the  Inner  Hebrides,  like  those  of 
Ireland,  owe  their  preservation  to  the  enormous  flows  of  lava  which 
wore  poured  out  upon  them  in  Tertiary  times,  and  they  now  appear 
only  in  cliff  sections  or  in  valleys  where  the  superincumbent  lavas 
have  been  removed  by  subsequent  erosion. 

The  eiistence  of  Liasaic  deposits  at  certain  places  on  the  west 
coast,  and  in  the  islands  of  Mull,  Skye,  and  Baasay,  has  been 
known  for  a  long  time,  hut  the  most  complete  account  of  them  is 
to  be  found  in  Professor  Judd's  masterly  paper  on  the  "Secondary 
Bocks  of  Scotland."^  Nearly  every  zone  of  the  Lias  is  represented, 
and  the  total  thickness  of  the  formation  is  not  less  than  1200  feet 

Lower  Lias. — -The  very  base  of  this  is  never  clearly  seen,  so 
that  it  is  uncertain  whether  the  Rhtetics  occur  below,  hut  Pro- 
fessor Judd  believes  them  to  be  absent  The  lowest  beds  of  the 
Lias  greatly  resemble  those  of  the  same  age  in  South  Wales  ;  they 
consist  of  very  bard  bluish  gray  limestones,  alternating  with  cal- 
careous grits  and  conglomeratic  sandstones.  The  commonest  fossil 
is  Ottrea  irrrgularii  (a  variety  of  0.  liamca),  but  corals  Theeoimiiia 
Mariini  and  Itattrea  MnTchitoni  also  occur,  together  with  Oardinia 
amcimia  and  epines  of  AcrosaUnia.  Ammonites  are  not  found,  but 
the  beds  may  be  regarded  as  equivalent  to  the  zones  of  Am. 
planerbii  and  Am.  angulatvt;  their  thickness  is  about  200  feet, 
and  they  are  well  seen  at  Applecross  and  on  the  opposite  coast  of 
Raasay  (see  Fig.  109). 
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The  succeeding  zone  of  Am.  BucMandi  ia  well  developed,  aud 
coiisista  of  Bheliy  liinestones  and  shales  crowded  with  foBsils  of  the 
BBine  species  which  are  cororoon  in  England  ;  its  thicknem  is  2B0 
feeti  Above  are  dark  micaceous  shales  containing  Am.  Mmiciataim, 
Am,  Srooki,  and  Btlemnita  acut-ui,  ISO  feet  The  separate  ex- 
istence of  the  Am.  oxynotus  zone  is  not  determined,  the  fossils  of 
this  zone  only  occurring  at  Tobermory  in  Mull,  where  they  are 
mingled  with  othera  that  belong  to  higher  horizons. 

The  higher  part  of  the  Lower  Lias  consists  of  sandy  and 
micaceous  shales,  called  the  Pabba  Shales  by  Professor  Judd.  At 
the  base  of  these  there  are  some  beda  in  which  Am.  armalus  occurs, 
but  the  greater  portion  of  the  group  represents  the  zones  of  Am. 
Jamewni  and  Am.  capricomiu ;  these  shales  contain  Am^  Jameaoni, 
Am.  brevifpiiia,  Am.  IMvtei,  Madiola  icalpmm,  and  Qryphaa 
cymhium,  and  are  about  260  feet  thick. 

Middle  liias. — This  division  consists  of  gray  calcareous  sand- 
stones with  some  beds  of  calcareous  shale.  They  were  termed  the 
Scalpa  Beds  by  Professor  Judd,  an<l  are  well  exposed  in  Scalpa 
and  Raasay,  where  their  thickness  is  SCO  feet.  Tliey  contain  BeL 
paxUlomt,  Am.  margaTitatus,  Am.  ^inatiu,  PecUn  (rquivalrU, 
SApiehonella  tttrakedra,  and  other  marletone  fossila  In  Mull  the 
Scalpa  Beds  are  represented  by  KifC  greenish  sandstones  with  few 
fossils. 

Upper  LiaH.— As  elsewhere  this  division  consists  of  shales 
with  much  pyrites  and  jet ;  the  lower  portion  yields  Am^  serpent- 
imiB  and  Am.  radians,  and  the  upper  beda  Aw.  communU,  with 
Bdemniles  Voltzi  and  Poridonomya  Bronni.  Sections  aio  generally 
obscured  by  slips  and  grass,  but  the  thickness  averagee  ftom  Tfr 
to  80  feet. 

B    8.  North-etut  of  Scotlavd 

In  this  region  beds  of  Liassic  age  have  only  been  found  at  one 
locality,  namely,  in  the  reefs  below  Dunrobin  Castle  on  the  coast 
of  Sutherland,  where  they  rest  on  the  beds  described  on  p.  322. 

Iiower  Xjlaa. — The  lowest  beds  are  clearly  of  estuarine  origin, 
consisting  of  sandstones  and  shales  with  thin  layers  of  clay  and 
coal,  the  whole  attiuning  a  thickness  of  between  400  and  500 
feet ;  no  fosails  have  been  found  except  in  the  uppermost  beds, 
where  a  few  dwarfed  Grifphtea  and  Cardinia  prove  the  occaaional 
presence  of  salt  water.  As  these  beds  are  overlain  by  clays  with 
Am.  acynotus,  they  must  be  the  estuarine  equivalenta  of  the  zones 
of  Ato.  planorbit  and  Am.  Bveklondi. 

The  marine  beds  above  exhibit  the  following  succeaaion : — 
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3.  Dark  blue  micac«ous  ulajs  mth  septaris,  BdemniUt  actUvs, 
Am.  breBitpina,  Am.  Jamaoni,  Hijt/-opodium  ponderotum. 
aud  Oryphisa  csiaiiiuiii, 80 

2.  Micaceous  aaudatiiitM  >ti<l  clajB  with  Orypfuat  obliquaia,  FtcUn 

aqvinalma,  and  BelemniUs  aaUu! 34 

1.  Blue  cUrs  uiid  impurs  IimeBtaQes  with  Am.  oxynoliu.  Am. 
eaprotrniu,  Bel.  aeulus,  Canlinia  hybrida,  Lima  peelineida, 
and  Qryphaa  obliqiuUa 60 

Of  theae  groups  Che  lowest  is  clearly  the  zone  of  Am.  oxynatiu, 
while  Noa.  2  and  3  appear  to  be  the  equivaietitB  of  the  zones 
«f  Am.  amaiut,  Jamttoni,  and  capneomiw. 

Ulddle  Liaa. — No  higher  beds  are  seen,  but  their  former 
existence  is  proved  \)j  the  occurreoca  of  boulders  of  calcareous 
sandstone,  like  those  of  the  western  coast,  m  the  boulder  clays 
of  Moray  and  Elgin.  These  bonlders  enclose  such  fossils  as 
BUrmnita  paxillosuM,  Am,  actaort,  Modiola  .Kolpnim,  Aviciila  in- 
aquivalviii,  and  Pattopaa  elongata,  and  others  which  occur  in  the 
Scalpa  sandstones  of  the  west  coast.  It  is  quite  possible, 
indeed,  that  such  rocks  (of  Marlstone  age)  may  still  exist  in  litu 
beneath  the  vast  masses  of  glacial  clay  which  mantle  the  surface 
of  Elginshire. 

No  proof  that  Upper  Lias  was  ever  deposited  on  this  coast  has 
yet  been  discovered,  and  no  fossils  of  that  divisioD  occur  in  the 
bonlder  clays. 

B.  Middle  JcEtAssic  Series 
Subdivisions. — This  part  of  the  Jurassic  system  consists  of  a 
variable  series  of  oolitic  acrl  shelly  limestones  and  marly  clays, 
none  of  the  strata  continuing  long  of  the  same  thickness,  and 
many  beds  thinning  out  altogether  within  comparatively  short 
distances.  The  most  persistent  stratum  is  that  known  as  the 
Combrash,  which  lies  at  the  summit  of  the  series.  The  beds 
which  appear  in  different  districts  have  for  the  most  part  received 
local  names,  and  the  correlation  of  these  subdivisions  is  not  by 
any  means  an  easy  matter,  for  some  of  them  are  of  estuarine  origin, 
and  in  some  districts  there  is  evidence  of  current  erosion  with  a 
corresponding  local  absence  of  certain  portions  of  the  series.  It 
is  only  in  the  southern  counties  that  a  complete  succession  of 
murine  deposits  is  found,  and  this  series  is  divisible  into  the 
following  groups  and  zones  : — 


{Corcbraah  .  Zone  of  Ant.  macrocephftlus. 

Forast  marble.  .  Zone  of  Waldhcimia  digona. 

Great  oolite  .  Zone  ofNerimea  Voltd. 

Fuller's  earth  .  .  Zone  of  Am.  subcontractus. 


.V  Google 


STRATIGRAPRICAL  GEOLOGV 

Upper  limestODes 

Lover  limestones   .      Zoue  of  Am.  MurchuoQce. 
(.Zone  of  Am.  jurensis. 

LiPK  OP  THB  Pkhiod 

Marine  Fauii&— The  fauna  of  the  Middle  Jurassic  rocks  is 
cloeelT'  related  generically  to  that  of  the  Lias,  but  onlj  about  60 
species  actually  pa«s  from  one  formation  to  the  other,  although  each 
fauna  numbers  about  2000  species.  The  fauna  of  the  Oolitic 
limestones  differs  from  that  of  the  Lias  principally  in  the  relative 
abundance  of  corals,  echinoderms,  and  gastropoda.  This,  how- 
ever, is  sufficiently  explained  by  the  fact  that  these  limestones  were 
evidently  formed  in  the  neighbourhood  of  coral  reefs,  such  reefs  at 
the  present  day  always  abounding  in  sea-urchins  and  univalve 
ahells.  Eracbiopoda,  too,  are  individually  very  abundant,  though 
the  number  of  species  is  not  greater  than  in  the  Lias,  and  the 
genera  are  the  same,  except  that  Lej>l<ena  and  Spirifmna  are  absent. 
The  following  are  the  more  important  genera  which  now  appear, 
and  those  to  which  an  asterisk  is  prefixed  did  not  survive  the 
Jurassic  period ; — 

Forifera.        Corynella,  Craticularia,  Elasmostonia,  Holcoapongia,  Lymno- 

rells,  PeronidsUa,  Vemicoctelis. 
AiUhazea.        Adelastrea,  'Anabacia,  Cryptoc(EDis,  Cyathophoni,  Stylina. 
Echinodenna.  A.woama'i,  'Cljpeus,  ColIyriteH,  Nucleolites,  Hemicidariit, 

Holoctypns,    •Hyboolypns,   Pedina,   Pygaster,    Pygurua, 

Stomechious. 
Brachiopoda.  Terebratella,  Terebratnlina. 
LameUitrranchia.Cox'bm,  Corbicella,  Cy[>rina, 

PteroperuB,  Sowerbya,  Spo     , 
Qa$trripoda.     Brachytrema,  Bulla,  'Cirrus.  Dephinula,  Fisaui-ells,  NeriuiEa. 

Pileolue,  'Purpuroidea,  KJssoiDK. 
CtpKalopcda.  Tlie  Ammonite  genera  Cosmoceras,  'Hajilocerae,  Lioceras, 

Ludwigia,  'Macrocephalitea,  Oppelia,  'Parkinaonia,  Pcri- 

spliincieH,  SonniiiJo,  and  Spbreroceraa. 
Piacei.  Aspidorhynclma,  Micrixlon,  Strophodus,  Ganodus,  Ischyodiis, 

Jlepiilia.         StreptospondyluB,  Teleosaurue. 

The  following  are  lists  of  the  fossils  which  may  be  r^arded  as 
specially  characteristic  of  the  groups  indicated  : — 

Fottiii  of  tilt  Midford  Sand  and  Cej>lialig>oiIa  Bed 
Br^Khiopoda.  Rhynchonells  cynooepbala. 
LamcUUiTaiuJUa.  Tri^onia  striata,  Modiola  aowerbyana,  Gerritlia  Hart- 

manni,  Cucullsui  lerrugiaea. 
Qfutropoda.    Amberleys  capitanea,  Trochua  duplicatus. 
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Cephalopoda,  Am.  (Ljtocens)  jureneis,  Am.  (Ludnigis)  opaliDoa,  Am. 
(Qrammooerafl)  atciBtulns,  Am.  (HammatocorsB)  ineignis. 
Am.  (LftooerM)  torulosos,  beletuDiCes  irregularis,  B. 
coDipreasos. 

FotaOa  of  the  £i^-oclan  (In/frior  OoliU) 
Aetinoaxi.       Ansbacia  hemiepherica,  Thecosmilia  grsgaria. 
Schinodenna.  CoUyriteB  ringens,  Stomechinus  germinans,  Pygaster  semi- 
siilcatufl,  Cljpeus  Ploti. 


^^ 


i 


a.  AmmonitM  Farliiuaonl.  d.  Trlgonia  co»laU. 

b    Auimpnitai  humphriulinua.  i.  PhulBiiomys  ndlcuU. 

c.  Nsutllus  BinuBtq*.  /.  Rliynchoiulla  apinoM. 

BTachiopada.  Rhjnchoiiella  apinosa,   Terebratula   fimbria,   T.    Phillipaii, 

T.  BphasroidaliB,  Waldlieimia  carinata. 
Lamtllibrandiia.  Afltarta  elegana.  A.  eicavata.  CBromya  bajociaoa,  Greaslja 

abducW,  Gryuhsea  sublobiiU,  Lima  ijeutiniforniis,  Phola- 

domya   Itdicula.  Trigonia   oo^tata  ilanticulata,  T.   hemi- 

gpherica. 
Oastropoda,     Cin-iui   nodoaua,    Nerinsi   cingenda,    Pleurolomaria  omatfl, 

Paeudomelania  [irocera,  Bourgiictia  striata. 
Cephalopoda.  (For  AmmouittB  les  ante,  p.  3S0),  Nautilua 
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Fuaiib  of  tie  Great  Oolite  and  ForeM  garble 

AdinoxM.       Aliabacia    compUnaU,    Isastru    eiplan»tuU,    Apiocrinui 

Parktnaoni. 
EchinttUriiM.  Acroialeiiia  hemicidaroidea  (ranges   to  Conibraah),   Hemi- 

Braehiopoda.  RhynchonelU  coQcmna,  R.  obaolete,  TorobratuU  maiillata, 
T.  coarctata,  Waldheimia  digon*. 


a.  rtiTophyll 
r.  R1>yri<-l>oii> 


Lamellibranehia.  AriculacosUb.,  Trajiezium  roatratiim,  Limacardiirorniis. 

Macrodon   tiirsonenais,   Ostrea  acuminata,   O.   Sowerbfi, 

Pachyrisma  grande,  Trigonia  Coldrusei,  T.  Moretoai. 
I laitTopoda.      Alaria  ai-raata,  Amberleya  nodosa,  Cylindiitea  acutus,  Piir. 

puroidea  ilorrisi,  Neriuiea  Voltzi,  Patella  rugosa,  Nerita 

costulatA. 
Cr-phalopoda.  Nautilus  Baberi,  Ammonitfla  (Perisphinctes)  arbustigeras.    ■ 
Fieh.  Stropbodtia  iiiagnua,  Pholidophorus  minor. 

Rcflilia.         SteaeosauiuB  brevidens,  CimolioMurus  erratictu. 
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/.   PholndoinyB  lyilta. 

I  Ilea  nuicmc*I>halu«, 


Faaiti  pf  Ou  CortUniuh 
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Bentleyi,    Waldbeimia 


Braekiopoda.  — Tewbmtuld    intermadia, 
oboTiita. 

LamellibTancJiia — PseDdomoDotii  echiiiata,  Feoteu  vaRuiB,  Lima 
dnplicBta,  PUnromja  decnrtata,  Greaelya  peregrina,  Fboladomira  tynta, 
Oitrea  flah«lloide«. 

Oattropoda.—PaBait>nie\Ania  rittata. 

Ctjdial'feda.—Aaimomtee  (Oiynotlceraa)  diacus,  Am.  (Mscrocaphaliten) 
macrocephalDi. 


^i^^^g?" 


Terrestrial  and  Freeb-water  Fauna. — The  eatuarine  beds 
which  occur  occasionally  in  these  rocka  furniah  us  with  some  in- 
teresting remains  of  the  plants  and  land  animals.     The  borders  of 


length  HiipposeO 


lIICELlint[  (A}> 


the  rivers  and  estuaries  must  have  been  clothed  with  a  dense 
vegetation,  ferus  of  the  genera  Laceopterit,  Comopterii,  Cladophlebi*, 
SplurnopUrU,  TfemopUrii;  cycade  of  many  genera,  ffiitiamtoma, 
Cttnit,  Nilstoiiia,  Aiiomauunita,  OtoiamUa,  etc. ;  coniferous  trees, 
such  as  AraueaTiia,  Bradiyphytlv/m,  Baiera,  and  Oitikgo.  Among 
this  vegetation  insects  abounded,  such  bs  beetles,  flies,  and  dragon 
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In  the  water  lived  molliucs  of  the  genera  Oyrena,  AttotUmia, 
crocodiles  of  the  Qavial  type,  and  turtles  {ProUxJulys). 

On  l&nd  there  were  email  manupiats,  Amphiiheriv/m,  Amphilyliit, 
AmphiUtU*,  and  PhoKoktlmitm,  (Fig.  1 1 3),  and  the  Protothere  Sterto- 
gnalhiu.  The  huge  Dinoeauria,  Megalonmrm  and  Ceteotawnu,  were 
also  teneetrial  creatnrea  (see  p.  332). 

STRATiaRAFHT 

Gtooffraphioal  Bonee. — Like  the  Lias,  the  Middle  Jurasaic 
series  ranges  completely  acroea  England  from  Dorset  to  Yorkshire. 
It  occupies  the  Dorset  coast  between  Bridport  and  Weymouth, 
and  runs  inland  by  Yeovil,  Sherborne,  and  Bniton  to  the  Mendipa. 
In  Qloncestetebire  it  gives  rise  to  the  well-known  scenery  of  the 
Cotteswolds,  and  spreads  over  a  consideiBble  width  of  country. 
Thence  it  passes  tbroi^^b  the  counties  of  Oxford,  Northampton, 
Rutland,  and  Lincoln,  forming  the  long  escarpment  known  as  the 
"cliff"  in  Lincolnshire,  which  runs  due  north  from  Grantham  by 
Ancaster,  Navenby,  Lincoln,  and  Kirton  to  the  Humber. 

In  South  Yorkshire  it  makes  but  little  shov,  the  beds  being 
thin,  but  north-west  of  Malton  they  thicken,  and,  sweeping  round 
to  the  north  of  Helmsley,  form  the  high  ground  of  the  Yorkshire 
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Wold^  which  cange  bom  west  to  eacrt,  and  terminate  in  the  diffe 
between  Whitby  and  Scarborough. 

Bocke  belonging  to  tluB  aeries  occur  in  Skye.and  eereral  other 
itUnde  off  the  weet  coast  of  Scotland ;  they  aUo  form  a  narrow 
atrip  of  ground  on  the  east  coast  of  Sutherland. 

The  stratigisphical  variationB  which  this  eerieB  exhibita  along 
its  outcrop  in  England  will  be  beet  explained  by  brief  accounts 
of  the  succession  in  five  separate  districts.  The  correlation  of  the 
deposits  found  in  these  districts  is  shown  in  the  accompanying 
table.  For  fuller  details  the  reader  is  referred  to  Mr.  H.  B. 
Woodward's  memoir.* 

I.  Donet  and  South  Somentt 

Inferior  Oolite  Groups— In  this  southern  district  the  lime- 
stones of  the  inferior  oolite  are  of  smali  thickness,  while  the  Hid- 
ford  Sands,  which  represent  the  zones  of  Am.  j'uivntu  and  Am. 
opalinut,  are  from  160  to  180  feet  thick.  On  the  coast  near  Brid- 
port  there  ia  little  more  than  10  feet  of  limestone,  but  inland 
these  beds  become  a  little  thicker,  and  the  following  is  the  snc- 
ceesion,  A  on  the  coast  and  B  near  Beaminster  : — 


ith  Ailartt  exeavala 


2.  Brown   earthy  limeetones  with 

MurekiMma,  &nd  other  fossils 
1.  Yellow  micaceous  sands  with   nodular  Isjers  of  cal- 

careona  sandstone  (Midford  Saud)     ....     150  ISO 

Fossils  are  scarce  in  the  lower  part  of  the  Midford  Sand,  but 
near  the  top  Am.  opatiimt,  Am.  Icralotiu,  BliyTieh.  cytuKepkala,  and 
other  fossils  have  been  found.  The  zone  of  Am.  huT/ipkrietiamu  is 
not  well  developed,  for  though  that  species  occars  in  the  middle 
limestones  (No.  3)  it  is  not  common,  and  Am.  Parkimoni  occuth 
with  it.  The  lower  part  of  No.  4  is  called  the  "Terebratula 
bed,"  from  the  abundance  of  Ter.  *pheroidalii,  Ter.  Phiilipti,  and 
Waldkeimia  cariiuUa. 

In  Somerset,  north  of  Crewkeme,  beds  of  freestone  make  their 
appearance  in  the  Midford  Sands,  and  are  quarried  at  Ham  Hit], 
where  the  beds  exposed  are  as  follows : — 

(Yellow  sand  and  soft  sandstones        ....     40 
Yellowish  brown  limestone,  consisting  of  oomminoted 
shell-frtkgments,  eunent  bedded,  and  cutting  as  a 
freestone  '■" 


1,  Yellow  sands  with  layers  of  calcareous  stone  HO 
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The  sheila  in  the  freestone  whicb  is  known  as  "Ham  Hill 
atone "  ore  all  so  broken  that  Shyiuh.  eynocephata  alone  has  been 
Tect^ised. 

Neat  Yeovil  the  Midford  Sands  are  about  180  feet  thick, 
and  the  lower  beds  contain  Am.  jwrennt  and  Am.  Mooni,  while 
Am.  opaliniu  has  been  found  in  the  upper  30  feet 

The  beat  sections  of  the  overlying  limestones  are  found  in 
quames  between  Yeovil  and  Sherborne,  where  the  following  zones 
have  been  recognised  by  Mr.  S.  S.  Buckman  : '— - 

16  to  46 
1  to   6 

Sto    4 

2.  ,,  „     Am.  Hurchuonee      .       1  to    6 

1.  Suidy  lim«atone  with  Am.  Uoorei  1  to    2 

The  lowest  bed  forms  a  passage  into  the  underlying  sand,  and 
probably  belongs  to  the  lone  of  Am.  opalinui.  The  total  thick- 
ness varies  from  30  to  60  feet. 

Qreat  Oolite  Group. — The  lowest  member  of  this  group  ia 
the  Fuller's  Earth,  which  attains  a  great  thickness  in  Dorset  (400 
feet).  It  was  formerly  regarded  as  more  closely  connected  with 
the  Inferior  Oolite  than  with  the  Great  Oolite,  but  Mr.  H.  B. 
Woodward  has  shown  that  ita  Ammonitea  clearly  onite  it  to  the 
Oreat  Oolite,  and  that  the  lac^r  proportion  of  ita  fossils  range 
upward.  He  also  remarks  that  Am.  ivicontracius  is  ita  chamcter- 
iatic  Ammonite  ;  of  other  fosails  Ottrea  aeuminata,  ShyTuiumeUa 
voriaiM,  and  fValdheimia  omithoc^ihala  are  the  commonest. 

The  Fuller's  Earth  is  a  marly  clay,  generally  of  a  greenish  or 
yellowish  gray,  but  sometimes  blue,  and  some  of  its  beds  consist  of 
the  fine  soft  greasy  clay  which  is  used  for  fulling  purposes.  It  alao 
includes  a  band  of  earthy  limestone  which  is  known  as  the  Fnller's 
Earth  Rock.  This  rock  ia  thickest  in  Somerset  where  it  is  often 
from  25  to  30  feet  thick.  The  formation,  however,  is  not  more 
than  130  feet  thick  in  this  country. 

No  limestone  comparable  to  the  Great  Oolite  of  more  northern 
districts  is  found  in  the  area  south  of  the  Mendips,  and  the  Fuller's 
Earth  is  directly  succeeded  by  the  Forest  Marble.  The  absence  of 
the  Great  Oolite  limestone  is  probably  due  to  the  action  of  currents 
which  either  prevented  its  deposition,  or  eroded  and  removed  so 
much  of  it  as  may  have  been  formed. 

The  Forest  Marble  consists  of  shelly  and  daggy  limestonea,  which 
show  much  oblique  current  bedding,  and  alternate  with  banda  and 
layers  of  shaly  clay  or  mart.  It  was  formerly  supposed  to  be 
over  400  feet  thick,  but  Mr.  Woodward  haa  found  this  to  be  a 
mistake  ;  on  the  coast  near  Bridport  it  is  only  about  80  feet  thick, 
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and  its  greatest  thickness  is  not  in  Dorset,  but  in  Someraet,  near 
Sherborne,  where  it  is  about  130  feet  The  limeatonea  have  beeu 
quarried  at  many  places  for  building  and  paving  stunes. 

The  Combrash  in  Dorset  and  Sometset  is  from  16  to  S6  feet 
thick,  and  consists  of  rubbly  fermginous  limeatone  of  a  blnish 
gray  colour  in  its  deeper  parts,  but  westherinj;  into  a  brown  rock 
by  oxidation  of  the  iron,  and  fiirming  a  fertile  soil.  It  generally 
yields  a  number  of  fossils,  especially  of  echinodcrms,  farachiopods 
and  lamellibranchs  (see  list  on  p.  363). 

2.  QlouealerAire 

The  area  to  which  the  following  account  applies  is  that  of  the 
country  round  Bath  and  alon^  tlie  Cotteswold  Hills  from  Bradford- 
on-Avon  to  the  district  between  Cirencester  and  Cheltenham. 

Inferior  Oolite  Group. — Along  this  line  of  country  the 
lower  part  of  the  series  is  divisible  as  follows : — 


z™,. 

»».-. 

Midford /Cephalomida  bed  . 

Am.  Farkiruani 
^,Am.iIuTchUonasf. 

Am.  jurentU 

20  to   40 
25  „  160 
10,.    46 

a„  16 

120,,    40 
177  to  300 

The  "  Cephalopoda  bed "  consists  of  brown  irouehot  marly 
limestone  in  two  or  more  layeis ;  it  has  yielded  no  fewer  than 
sixteen  species  of  Ammonit«fl,  and  is  sometimes  divisible  into  two 
or  three  sub-zonea      Hhynchondla  eyriocephala  is  also  common  in  it 

The  "Pea-K^it"  is  a  bed  of  coarse  pisolitic  limeatone  from 
4  to  20  feet  thick,  which  is  traceable  along  the  Colteswolds  for 
SO  miles,  and  generally  has  some  beds  of  brown  ferruginoDS 
oolitic  limestone  below  it  (see  Fig.  116). 

The  Freestones  are  soft,  pale-coloured  oolites  in  thick  beds,  and 
ace  loially  separated  into  lower  and  upper  freestones  by  a  band 
of  yellowish  oolitic  marl  full  of  Ttrebratula  fimhna.  Ammonites 
are  rare  in  these  beds,  and  the  fauna  consists  mainly  of  lamelli- 
bnnchs,  bracbtopode^  and  corals,  but  Am..  AumjArimaniu  has  been 
found  in  the  upper  freestones. 

The  Ragstones  are  a  set  of  hard,  gray,  shelly,  oolitic,  and  marly 
limestones  which  are  generally  full  of  fossils,  and  the  prevalence 
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of  certain  spedes  in  Bome  of  the  beda  has  led  to  their  beiog 
diHtisguiebed  locally  by  different  iume<,  such  as  Trigonia  beds, 
ClypeuB  grit,  and  Gryphite  grit. 

Near  Cbeltenham  the  limestones  of  the  Inferior  Oolite  are 
about  200  feet  thick. 

Oreat  Oolite  Group. — The  Fuller's  Earth  is  traceable 
through  the  district,  but  thins  northward.  Near  Bath  it  is  from 
70  to  80  feet  thick,  but  not  more  than  40  or  50  near  Chedworth, 
where  it  paasea  up  into  the  beds  which  are  known  as  the  Stonesfield 
slate  ;  theae  are  shales  and  laminated  micaceous  sandatones  which 
are  thin  in  Glouceaterehife,  but  become  of  more  importance  in 
Oxfordshire. 

The  Great  Oolite  limestone  fint  sets  in  near  Brad  ford-on- Avon, 
and  rapidly  thickens  northward  till,  near  Bath  and  Hinchin- 
hampton,  it  is  from  80  to  100  feel,  and  includes  the  well-known 
freestone  which  goes  by  the  name  of  "  Bath  Oolite."  Hete  it 
consists  of  the  following  beds : — 

p«t. 
Upper  division — Shelly  and  oolitio  limestones  .     20  to  GO 

T  ,■  ■  ■      f  Oolitic  freeatone        .  .     10  to  30 

^'*"^'*'™'""V8he!ly  and  marly  limestones     .       .    10  to  40 

The  Forest  Marble  succeeds,  and  near  Bradford  and  Bath  its 
basement  bed  is  a  band  of  bluish  gray  clay,  which  is  known  as 
the  Bradford  Clay,  but  is  never  more  than  10  feet  thick.  It 
contains  many  fossils  in  a  fine  state  of  preservation,  and  has  long 
been  known  for  the  abundance  of  Apiocrmui  Farkiiumii  (the  peai 
encrinite).  It  also  contains  fFaWieimia  digona,  TVe&roCuIa 
eoa/rdata,  and  other  fossils  which  are  characteristic  of  the  overlying 
Forest  Marble  beda  The  latter  are  from  60  to  100  feet  thick, 
and  consist  of  alternating  limestones  and  clays. 

The  Combraah  forms  a  persistent  band  at  the  top  of  tiie  series, 
but  is  never  more  than  16  feet  thick. 

3.  Oxford  and  NorthampUm 
Inferior  Oolite  Group. — In  passing  ftam  Gloucester  into 
Oxfordshire,  and  thence  into  Northampton,  the  Inferior  Oolite 
undetgoee  much  alteration.  In  the  firat  place,  the  lower  members 
of  tie  series  thin  out  and  are  overlapped  by  the  higher  portions, 
till  near  Fawler  the  "Trigonia  grit,"  a  bed  in  the  Bagstone 
group,  comes  to  rest  directly  and  unconformably  on  the  Upper 
Lias  clay.  Fig.  116  illoatrates  this  thinning  out  of  the  beds 
between  Cheltenham  and  Fawler,  and  the  succession  found  at 
Fawler  is  as  follows : — 
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S  I  ChippiDg  Norton  limeatone — oolitic  limestone             .         .  IS  to  16 

■S  i  ClypatM  grit— rabbly  and  mwly  oolitea                                 .  8  to  13 

i*    TVi^ia/HirWIimeBtonea 5  to    S 

H  I     8"^     \Hard  oolitio  limestones  with  pebble  bed  st  bue  .  4 

From  the  baaement  b«d  Mr.  E.  A.  Walford^  obtained  snuJl 
blocks  of  limeelone  covered  with  Plicatulit  and  pierced  by 
Lithoiami,  ahowing  that  some  of  the  lower  limestones  had  been 
deposited    in   the   near   neighbourhood,  and    underwent    erosion 

before  the  formation  of  the  Trigonia  grit.  Near  Hook  Norton 
the  Rsgatones  are  redaced  to  a,  thiekneaa  of  about  2S  feet,  and 
the  lowest  beds  contain  similar  bored  stones,  but  here  they  rest 
on  a  representative  of  the  opalinut  zone,  consisting  of  sandy 
limestones  about  6  feet  thick,  in  which  Avt,.  opalinuj^  ShyniSi- 
eynoeephaia,  and  other  fossils  occur  ;  these  beds  also  have  a  pebbly 
base  resting  on  Upper  Lias  clay. 

When  we  reach  the  valley  of  the  Cherwell  we  find  no  limeBtonea 
at  all,  the  Inferior  Oolite  being  represented  only  by  10  or  12  feet 
of  brown  sandstone  and  sandy  ironstone,  overlain  by  calcSTeona 
flt^tones  ("  plank  beds  ").  These  sandy  beds  thicken  ont  rapidly 
i^ain  to  the  north-east,  and  in  spite  of  the  lithological  dissimilarity 
they  are  considered  as  equivalent  to  the  lower  part  of  the  Inferior 
Oolite  of  Cheltenham,  i.t.  the  zones  of  Avi.  opaiinui  and  Am. 
Mwchuonte.     Near  Northampton  the  saccesiion  is  as  follows  : — 

Feet 
.  rwhitc  or  gray  sand,  containing  a  plant  bed  12 

—  t""*'   \  White  sand  and  fsrniginona  sandstone  with  shelly 
"'"'^■'»  I     calcareons  beds,  very  variable  .    up  to  80 

.        .        rCoarse  Oolitic  limestone 4 

"*!™*"'*J  Sandy   ironstones,  with   SAyneh.   cgnoaphala,   M. 

""■      I     -cariahilu 85 

To  these  beds  the  name  of  Northampton  Sand  has  been  applied. 

Qreat  Oolite  Group. — This  group  is  on  the  whole  more 
persistent  than  that  of  the  Inferior  Oolite.  The  main  diviaiona 
continue  through  Oxfordshire,  and  near  Chipping  Norton  the 
following  is  the  succession  : — 

Foreit  Marble 16  to  20 

Oteat  Oolite  limestone 40  to  BO 

StonesGeld  Slate 16  to  18 

Fuller's  Earth 6  to  20 

The  Fuller's  Earth  is  very  thin  in  places,  and  becomes  practi- 
cally the  basal  part  of  the  StoneaBetd  Slate,  which  consists  of  flaggy 
sandstones  and  sandy  claya  These  beds  have  yielded  a  remarkable 
assemblage  of  fossils,  including  remains  of  five  genera  of  small 
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mammala — two  Pterodftctjles,  three  Crocodiles,  the  Diaoeaur  M«goio- 
Murui,  and  the  Turtle  Protoehelyt,  with  a  large  number  of  fish  and 
of  mollaHca.  Among  the  latter  are  Aiamm/Ua  ditau.  Am.  graMu, 
Nmta  cottutata,  TrigorUa  tmprema,  OwviiUa  aevia,  Modiola  imhrieata, 
with  Rhynthondia  amdnna.  Besides  these  are  remaios  of  ferns, 
cycads,  and  coaifere. 

When  traced  northwards  into  Northampton  the  Stoneafield 
Slate  and  Fuller's  Earth  are  foand  to  pass  into  a  set  of  sands 
and  clajTE)  which  are  called  the  Upper  Estnarise  series.  In  the 
ahsence  of  the  Inferior  Oolite  limestone  these  hede  rest  on  the 
Estnarine  Beds  of  the  Northampton  group,  but  the  two  estuarina 
groups  are  sharply  divided  from  one  another,  the  base  of  the 
upper  group  being  a  layer  of  ironstone  nodules  which  rests  on  an 
eroded  surface  of  the  lower  sands. 

The  Oreat  Oolite  consists  of  hard  limestones  alternating  with 
marly  claya  These  beds  contain  OervilUa  Waltmi,  AOarU  angviala, 
Terehratuia  maa^lala,  Hhyndumeila  concinna,  and  many  other  foesils, 
and  near  Pairford  is  a  white  limeErtone  which  has  yielded  many  corals, 
such  as  Iioitrea  explanatuh,  I.  lim^ata,  and  Thamjuutrea  Lyeili. 

The  Forest  Marble  derives  its  name  from  Wychwood  Forest 
near  Burford  in  Oxfordshire,  where  it  has  been  largely  quarried. 
It  is  continued  into  Buckinghamshire,  but  near  Buckingham  the 
limestones  thin  out,  leaving  only  the  days  to  represent  this 
member  of  the  series  ;  these  form  a  band  which  is  known  as  the 
Qreat  Oolite  clay,  hut  it  is  only  from  10  to  SO  feet  thick. 

4.  Rviland.  and  Lincoln 

Inferior  Oolite  Group. — The  Northampton  Sand  continnea 
as  the  lowest  member  of  this  group,  and  consists,  as  in  Northampton, 
of  ironstone  at  the  base,  passing  up  into  yellow  sands,  which  are 
succeeded  by  white  sands  and  pale  clays  (Lower  Estnarine  Beds). 
Between  these  and  the  Upper  Estuarines  a  thin  wedge  of  limestone 
appears  in  the  valley  of  the  Welland,  and  rapidly  thickens  north- 
wsrds,  becoming  the  important  formation  known  as  the  Lincoln- 
shire Limestone,  which  in  South  Lincolnshire  is  not  less  than  150 
feet  thick.s 

At  its  base  in  South  Lincolnshire  are  some  beds  of  fissile 
sandy  limestone,  which  form  a  passage  from  the  Lower  Estnarine 
Beds  ;  these  contain  ferns  {Laccopterit  palypodiouUt),  with  Lueina 
H^righta,  Ofmltin  acuta,  Trigoaia  canvpta,  TV.  imprtaa,  Aitartt 
eUgatu,  and  MalajAera  BmtUyi,  but  no  Ammonites.  At  Colly- 
weston  (near  Stamford)  these  beds  are  12  feet  thick,  but  they  thin 
northward,  and  are  hardly  distinguishable  at  Ancaater. 
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The  LincolnBliire  Limeatone  fFequentlj  coDtaina  beda  in  which 
corals  are  very  abundant,  and  which  have  evidently  been  ac- 
comulated  in  tbe  neighbourhood  of  coral  reefs.  The  upper  layers, 
too,  invariably  exhibit  much  current  bediling,  indicating  shallow 
water  conditions.  Ammonitea  are  rare,  but  Am,  MurchtKina,  Am. 
Sowerbtfi,  and  Ajn.  tubradiatju  have  been  found.  Echinoderms  aie 
not  uncommon.  OoBtropods  (Natiea  Nmnita,  Patella,  Plturo- 
tomaria,  Trochat,  Trochotoma)  nre  common.  ShyruAonelUc  and 
Lamellibrancha  of  many  species  are  abundant  The  fauna  haa 
eminently  a  shallow  water  and  coral  reef  facies,  and  in  point  of 
ttma  the  limestone  appears  to  be  tbe  representative  of  the  Pea- 
grit  and  lower  Freestones  of  Gloucestershire  (lone  of  Am,  Marehi- 
tona).  The  liagatoae  division  ia  a1«ent,  and  tbere  ia  evidence  of 
a  gap  with  erosion  between  tbe  limestone  and  the  overlying 
Great  Oolite  in  Rutland  and  Northampton. 

The  Lincolnshire  Limeatone  affords  excellent  building  stone, 
which  is  largely  quarried  at  Ketton,  Caaterton,  Stamford,  Corby, 
Ancaater,  Lincoln,  and  other  places.  In  North  Lincolnshire  its 
tbickneea  again  diminiahea  to  about  60  feet. 

Great  Oolite  Group. — Thia  group  consists  of  four  membem, 
which  are  persist«nt  through  the  whole  district,  though  they  vary 
somewhat  in  tbickneaa  ;  they  are — - 

Fset. 

4.  The  Combrash about  15 

3.  The  Great  Oolite  cUyn        .         .  .         .  ,,20 

2.  The  Qreat  Oolite  limestone  .  ,,20 

1.  The  Upper  Estuarine  Beds         ....  .,30 

The  Upper  Estuarine  Beds  consist  of  white,  bine,  green,  and 
variegated  clays,  with  seams  of  lignite  and  occasional  courses  of 
sandy  stone ;  the  baaement  bed  ia  a  brown  ferruginona  nodular 
eandatonc,  which  rests  nnconformably  npon  the  Lincolnahire  lime- 
atone  in  Rutland  and  Northampton,  though  in  Lincolnshire  no 
such  evidence  of  erosion  has  been  obaerved.  The  foBsils  are  some- 
times marine,  sometimes  estuarine  forma  {Cyrena,  etc). 

The  Great  Oolite  limestone  consists  of  soft,  white,  marly  lime- 
atooea,  aepamted  by  layers  of  marly  clay.  The  prevalent  fossils 
are  Oitrea  Sowerbyi,  0.  fubrvguloga,  Somomya  giMiota,  and  Ciypeiu 
ftfuam. 

The  Great  Oolite  clays  are  of  many  colours — blue,  green,  yellow, 
and  pnrple  ;  the  only  fosaila  are  Placu/nopn*  tocitUu  and  the  oyst^nt 
above  mentioned. 

The  Combraah  is  as  usual  full  of  fossils  ;  Hohclypu*  d^prewtu, 
NucleoUtet  clmiicularu,  Peeudomonotie  eeltinata,  and  Awiaonite* 
maencephalui  are  characteristic  and  c 
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Inferior  Oolite  Group. — In  South  Yorkshire  the  Middle 
Jurassic  genes  is  quickly  orei^tepped  by  tke  CreUkceoua  rocks,  but 
beds  of  the  LincoInBhire  type  are  seen  near  South  Cave.  When 
they  E^in  emerge  in  North  Yorkshire  the  aeries  has  undergone 
much  transformation,  and  the  mam  of  the  Inferior  Oolite  euniieta 
of  Eatuarine  aaudatonea  and  ahales  300  or  400  feet  thick.  Marine 
beds,  however,  occur  at  the  top  and  bottom,  and  also  aa  a  thin  zone 
in  the  midat  of  the  Estuarine  aeriea,  the  succession  being  as  follows, 
aad  the  thickneeaes  those  in  the  cliff  sections : " — 

Fset 

6.  Searboroush  Limestone SO  to    90 

6.  EatnariDe  beds GO  to  100 

4.  Uillsponi  beds  <mariiis) 20  to    40 

3.  Lower  Estuarins  aeties 200  to  2S0 

2.  The  "Dogger"  Bonds  and  saudstone      .         .  30  to    36 

1.  Bine  Wyke  sands 40  to    70 

1.  At  the  top  of  the  Liaa  are  60  feet  of  sandy  shales  (pasasige 
beds)  vhich  contain  Ammonitet  ttriatiilut,  and  represent  the  zone  of 
Am.  jurenti*.  Above  these  ahalea  are  yellow  and  gray  micaceona 
sands  containing  Ammoniltg  aalmtU,  Lingvla  Beani,  Rhyndumella 
cfptoctphala.  They  are  surmounted  by  a  sandy  oolitic  ironstone, 
which  contains  many  fossils  r  ^m,  MvTchuona,  Tenbratula  trUineata, 
and  Neriwta  eingenda ;  these  sands  and  sandstone  may  be  regained 
as  the  equivalent  of  the  Northampton  Sands. 

S.  The  Lower  Eatuarine  aeries  ia  very  thick,  and  includes  the 
"  Great  Sand-rock,"  which  is  largely  used  as  a  building-stone  in 
Eakdate  On  the  coast  these  beds  appear  in  the  cliffs  from  Robin 
Hood's  Bay  to  Huntcliff.  The  shales  and  oolitic  ironstones  contain 
plant  remains  in  some  abundance.  In  the  midst  of  this  series  is 
a  bond  of  fla(^  aandatone  and  ironstone  with  marine  fosaUa  known 
aa  the  Eller  Beck  bed.  It  yields  Qermilia  acuta,  AitarU  minima, 
Plu^adomya  Heraulti,  etc 

3.  The  Millepore  beds  consist  of  a  hard  catcareoua  sandatone 
with  the  Bryozoau  Haploacia  stnimtnea,  overlain  by  ahalea  and 
sandstones  containing  Trigoma  r^ieoita,  Ceromya  bajoeiana,  Qerviiiw 
lata,  PygatUr  temiruktiu,  and  other  fossils. 

4.  lie  Middle  Eatuarine  aeriea  consiata  of  shales  and  sand- 
stones, with  thin  layers  of  coal  varying  from  S  to  IS  inches  in 
thickness.  The  "  plant  bed "  of  Griatborpe  Bay  baa  yielded  fine 
specimens  of  ferns  (GladophUbu,  Sph«nopterii,  Tofniopterit,  et«.),  the 
cycada  NiUioma  and  OtosamiUt,  and  the  horsetail  Equitttila 
eolumnarii. 
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G.  The  becU  tenoed  the  Scarboroagh  Limestone  ore  gray,  shaly 
limeetODes,  often  ferruginous  ;  they  contain  Ammonita  hamjdine- 
xianut,  GerviUia  acuta,  PuudomonotU  bnuoTAurieasu,  etc.  They 
form  a  lenticular  mass,  very  thin  at  Oristhorpe,  but  thickening  to 
the  north-west. 

Groups  3  and  4  cectainly  represent  the  Lincolnshire  Limestone, 
and  the  Scarborough  Limestone  appears  to  be  the  zone  of  Am. 
humphriteianxu. 

Oreat  Oolite  Qroup. — The  limestone  of  the  Great  Oolite  has 
entirely  thinned  away  beneath  the  Cretaceous  overstep,  and  the 
whole  group  is  represented  on  the  Yorkahire  coast  by  shales  and 
sandstones  of  eetuarine  origin,  capped  by  a  thin  band  of  Combrash 
with  marine  fossils. 

In  Oristhorpe  Bay  this  Estuarine  series  is  120  feet  thick, 
consisting  of  nuirine  sandstones  in  the  lower  part,  and  shales  with 
thin  sandstones  aliove.  Farther  north  they  are  over  SOO  feet 
thick.     A  few  ferns  are  the  only  fossils. 

The  Cornbrash  is  very  thin,  only  6  or  6  feet,  but  has  the  oeuaL 
characters,  being  a  gray,  mbbty  ironsbot  limestone  full  of  the 
ordinary  fossils,  among  which  are  Ammimitu  Herveyi,  Ptetuhmunutit 
tAinala,  Lima  rigidida,  and  Waldhgimia  lagtnalu. 


6.    }Vatl  of  Scotland 

At  certain  localities  in  the  Inner  Hebrides  strata  occur  between 
the  Lias  and  the  Tertiary  lavas  which  are  comparable  to  our 
English  Oolites,  more  especially  to  those  of  the  Yorkshire  area 
(see  Fig.  109). 

Inferior  Oolite  Oroup. — "  Itocks  of  this  age,"  says  Professor 
Judd,  "  must  have  originally  had  a  very  wide  distribution,  for 
traces  of  them  are  found  at  various  points  from  the  Shiaiit  Isles  in 
the  north  to  Ardnamurchan  in  the  south.  The  beat  exposures  of 
their  strata,  however,  are  those  which  occur  in  the  islands  of  Skye 
and  Raasay."  ^'^     Here  the  succession  is  as  follows  : — 

FeeL 

Limestones  almost  wholly  made  up  of  comminuted  sheila,  Oslrea 
Smoerbyi,  Ifaidheimia  lagtnalu—  I  zone  of  Am,  Parkiimoni  1& 

Beds  of  whits  sandatone  with  thin  ahaly  bands  containing  remains 
of  fernB  and  cyoads 60 

Beds  of  sandatoDB  and  shale,  the  former  passing  into  shelly  lime- 
atones,  Am.  humphritiiiaTais,  Belemniits  ^ganteut  ISO 

flandy  micaceous  shaiea  Blternating  irith  calciferona  sandstones, 
AmmoniUi  Murchiatma,  Am.  cimugaita,  BtUmmta  ffi^nteat, 
Z/ueina  WrigUii,  etc 120 
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Great  Oolit«  Oroup. — The  Inferior  OoUte  of  Skye  &ad 
Bsmay  is  ancceeded  by  a  considerable  tbicknees  of  estaarine  strata, 
whicb  occupy  the  position  of  the  Qreat  Oulite,  and  are  probably 
not  leas  than  SOO  feet  tbick,  although  in  those  islauda  the;  art; 
imperfectly  exposed.  Southwards  in  the  ialands  of  Eigg  and  Muck 
this  group  acquires  still   greater  proportions,  and  is  exposed  in 

A.  The  lowest  beds  are  fine  conglomerates  and  shelly  limestones 
full  of  fresbwatec  sheila,  but  containing  also  remains  of  Plaiomunu, 
tnrtlea^  and  other  reptiles.  Above  these  are  black  shales  and 
limestonea  abounding  in  Cyprids,  fish  remains,  and  shells  of  Cyrata, 
Cycltu,  and  Viviparat.    The  thickness  of  the  whole  group  is  200  feet. 

B.  Gray  and  white  sandstones,  sometimes  passing  into  calcareous 
grits,  with  large  concretionary  siliceous  maases  ;  current- bedding 
and  lipple- marked  surfaces  are  frequent,  but  exceptii^  plant 
remains  fosaila  are  rare.     Thickness  probably  more  than  fiOO  feeL 

C.  The  highest  beds  are  black  shales  with  thin  bands  of 
argillaceous  limestone  and  bands  of  fibrous  carbonate  of  lime  ;  they 
are  sometimes  crowded  with  Cyrena  and  Cyelai,  and  in  other  places 
with  Vivipartu,  Mtlania,  and  other  Gaatropoda.  Beds  entirely 
composed  of  oysters  (0.  hebridica)  also  occur,  resembling  those  in 
the  Purbeck  series  (see  jwateo).      Thickness  160  feet. 

7.  Elut  of  Scotland 
Beds  of  Middle  Jurassic  age  occupy  a  small  space  on  the  coast 
of  Sutherland  south  of  Brora,  and  form  two  small  patches  at  Burgh 
Head  and  Stotfield,  on  the  coast  of  Elgin.  They  consist  entirely 
of  estuarine  strata,  which  are  lithologically  comparable  to  those  of 
the  Great  Oolite  group  on  the  western  coaaL  The  descending 
succession  near  Brora  ia  as  followa  : — 


H 


"  Roof  bed,"  calcareons  sandatone  (Kellsway) .  .  '' 

Coal  composed  of  crushed  Squiitlila j 

Black  ahales  with  thin  coal-seams  iu  the  upper  part ;  plants 
and  crushed  shells  of  Unio,  Odrea,  Oifrena,  etc,  abound  : 
bIho  teeth  and  scales  of  fish,  Lepidolia,  Pholidofjionu,  and 

Sybodiu 2S 

Black,  brown,  and  siay  oUys  with  layers  of  argiUaceons  lime- 

■toDS,  Offrerui  and  Oilrca 96 

White  sanditonas  with  some  beds  of  clay :  in  this  a  few 
obecnre  marine  shalla  occur 110 

The  base  is  not  aeen,  and  whether  any  beds  comparable  to  the 

'Inferior  Oolite  of  the  west  coast  exirt  below  is^  therefore,  unknown. 

At  Stotfield  there  are  soft,  greenish  white  eandstonea  contaioing 

an  assemblage  of  fossils  which  might  be  either  of  Qreat  or  Inferior 
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Oolite  &ge,  though  tlie  presence  of  Oilera  Sovierbyi,  Tancredia 
axmiformu,  Aslarte  rhornAoidalU,  and  FholaeUmma  obliia  suggest 
Qieat  Oolite  afGnitiee. 


G  Uppkb  Jubabbic  Sbbibs 

Subdivisions  and  Oeoffraphiool  Range. — The  Upper 
Jurassic  seriea,  where  fully  developed,  as  in  the  south  of  England, 
couBiflte  of  four  groups  of  marine  strata,  two  great  argillaceous 
formatioos  (the  Oxford  and  Kimeridge  Clays),  each  surmounted 
by  a  group  of  limestone*  (the  Cor&lliau  and  the  Portlandian). 
Above  the  Portland  group  are  the  Purbeck  Beds,  a  set  of  eatoarine 
and  terrestial  strata,  which  are  by  some  united  with  the  WeaMen 
and  placed  in  the  Cretaceous  system.  The  Portland  and  Purbeck 
Beds  are,  however,  so  intimately  connected  that  it  would  be  highly 
inconvenient  to  regard  the  Jurassic  system  as  terminatiDg  with  the 
former  group,  for  many  of  the  Portlandian  species  occur  in  the 
intercalated  marine  beds  of  the  Purbeck  group. 

On  the  south  coast  the  cliffs  near  Weymouth  and  Portland 
expose  good  sections  of  all  these  rocks,  but  the  inland  outcrop  of 
the  Portland  and  Purbeck  Beds  is  repeatedly  concealed  by  the 
overstep  of  the  Cretaceous  strata.  They  appear,  however,  for  a 
apace  near  Tisbury  in  the  vale  of  Wardour,  and  again  near  Devizes. 
From  Calne  and  Swindon  their  oatcrop  is  more  continuous  through 
Oxford,  Berkshire,  and  Buckinghamshire,  but  the  limestones  die 
out  in  the  last  county,  and  only  the  clays  remain  through  Bedford, 
Cambridge,  Hnntingdon,  and  Lincoln.  In  South  Yorkshire  they 
are  entirely  concealed  by  the  Cretaceous  overstep,  but  in  North 
Yorkshire  there  is  a  fine  development  of  the  Oxfordian, 
Corallian,  and  Eimeridgian  groups.  In  Scotland  the  Oxford  Clay 
exists  on  the  west  coast,  and  the  complete  series  ia  found  on  the 
coast  of  Sutherland- 

With  regard  to  the  eastward  extension  of  these  rocks  beneath  the 
newer  systems  in  the  south-east  of  England  we  have  the  testimony 
of  four  important  borings.  The  Sub-Wealden  boring  near  Battle 
traversed  all  the  groups,  and  a  lai^  part  of  the  Oxfordian, 
terminating  at  a  depth  of  1905  feet  from  the  surface.  In  the 
Dover  boring  all  the  members  of  the  series  were  found  to  be 
greatly  reduced  in'  thickness,  the  combined  thickness  of  the 
Portlandian,  Kimeridgian,  Corallian,  and  Oxfordian  being  only 
462  feet.  A  boring  at  Chatham  proved  the  existence  of  Oxford 
Clay  immediately  below  the  Lower  Qreensand,  a  fact  which  makes 
it  probable  that  there  was  considerable  erosion  of  the  Upper 
Jurassic   series  before  the   deposition   of  the   Lower  CretaceouB 
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Bonde  ia  that  district  There  is  a  aimilar  gap  and  auconformi^ 
at  Bichmoiid,  where  a  boring  found  the  Lower  Qreensand  resting 
directly  on  Great  Ooliw.  It  is  probahle  that  the  Oifordian, 
Corollian,  and  Eimeridgian  groups  origia&Uj  spread  over  th« 
area  which  underlies  the  Thames  valle;,  but  no  trHcea  oF  them 
have  been  found  in  any  of  the  deep  borings  in  Essex,  Suffolk,  or 
Norfolk,  whei«  Cretaceous  rocka  everywhere  rest  directly  on  a 
plateau  of  Poleeozoic  rocks. 


Life  of  thb  Period 

The  Upper  Jurassic  fauna  is  merely  a  continuation  of  that  which 
preceded  it,  the  genera  being  the  same,  though  the  species  are  for 
the  moat  port  ditfereut,  only  about  sixty  species  passing  from  the 
Combrash  into  Oxford  Clay. 

The  most  impressive  feature  of  the  later  fauna  is  the  abundance 
cf  reptilian  remains.  The  Jurassic  period  boa  been  termed  the 
"age  of  reptiles,"  and  these  creeturts  seemed  to  have  reached  the 
climax  of  their  dominion  towards  the  close  of  the  perioil.  Their 
numbers  and  the  variety  of  their  modifications  are  quite  extra- 
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ordtimry.  Not  only  did  tbey  swarm  ia  the  eeas  and  rivere,  but 
they  peopled  the  land  with  gigantic  herbivores,  and  filled  the  air 
with  winged  forms.  They  thus  adapted  themselves  for  all  kinds 
of  food  and  all  conditions  of  life  with  an  elasticity  of  organisation 
which  is  truly  remarkable,  and  to  which  no  parallel  can  be  found 
in  the  subsequent  history  of  the  world,  unless  it  is  among  the 
Australian  marsupials,  thongh  no  member  of  that  order  posBesses 
powers  of  flight  comparable  to  those  of  the  Pterodactyles. 


F.  LepWlopEs  m&cToyhthatutL 


Of  Upper  Jurassic  reptiles,  CiTiuilioiauriu,  Feloneuttet,  Plioaaurus, 
Ichthyosaurus,  with  the  crocodiles  TeUoeaume,  Stentoiaurat,  Dako- 
taiirits,  and  Boniopkolii  were  the  chief  aquatic  genera.  Cettoia^TUs, 
Giganto>aurus,Iguanodon,07iiosaur\ti,t,ad  Ci^y(o«auri«  were  terrestrial 
Dinosaurs,  and  in  America  other  remarkable  genera,  Brontotauras 
and  AtlatitoaajtTUA,  both  of  enormous  size,  have  been  found.  Of 
Pterosauria  species  of  Pttrodaelyliu,  ScapKognalhiu,  and  Bham- 
phorkynewi  were  prevalent. 
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Of  marine    Invertebrates   very   few  new   genera   make    their 
appearance  in  theae  rocks,  the  foUowiog  only  being  worthy  of 


EiAituiderma,  Olypticus. 

LameUibranehia.  Anisucardia,  Hactra. 

GaMmpoda.     Neritoma. 

Cephaiopodii.  The  Ammonite  genera — Aapidooeras,  Cardioeeiaa,  Craape- 
ilites,  Hoplites,  Olcoatcphanus,  Peltocei-as,  Polyptychite», 
Aiicjloceras ;  alao  BelemnoteutliiB,  Coccoteiithis,  and 
OoetcittbiB. 
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FouiU  oftht  Oxfordian 
BrachiopodM.  Rhjuchonella  aocialis,  WBldheimU  impressa. 
LameUibraiieKia.  Grjpbies  dilatala,  Modiola  bipartitl,  Pleuromyaii 

Anatina  audulata,  Nucula  omata. 
Otutropoda.    Alaria  trifida,  A,  coniposiu,  Cerithinin  Danionia,  C.  ii 


Cepkalaiwda.  Ammoniten  (Cosmoceraa)  callovisnRis,  Am.  (CosmocerasJ 
JHBon,  Ath.  (Cardioperna)  r.amb*rti,  Am.  (Cardioceras 
coniatus.  Belcmnites  kastatus,  Bel.  Oweni. 

FUh,  Leptolepia  niBcrophthalnius. 

SepiUia.  Cimoliosaurus  plicatuB,  Flioaaurua  Terox. 

FoaiU  of  lh»  Corollian  Onmp 
Auiiwzoa.       ThecoamiliB  aDDularis,  Thaiunastren  araclinoides,  Tli.  coii- 
ciuna,  Isastrea  ex]ilauata. 
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Schinoderma.  Cidaria    flonsemina,   Hemicidaris   intermedia,   Acrosalania 

decorata,  Nuclealitas  scutatus,  Holectrpua  depressus. 
Braehi/ipada.  Terebratula  insignia,  WaldlieJmia  buccnlenta. 
Lamellibraiichia.  Gervillia  aviculoides,  Pecton  articulatiia,  Ostre"  grwaria, 

Goniomjalitterata,  TrtgoniaclaveltaU,  Tr.  perlata,  Fliola- 

domya  sequalis. 
Oadrapoda.     Cerithiiini  iniiricatuni,BourgiietinBtFiatB,  Fesiidomclaiiikhed- 

diaj^nenais,  Neriniea  Goodlialli,  Littoriua  miiricata. 
Cephalitpoda,  Ammonites  (AspidoctTaa]  perannatua,  Am.   (Perisphinctesj 

plicatilis,  Be1eiaDit«s  abbt«viatiia. 


€ 


".  Pntocardia  diulmilp 


Fomlt  of  Ike  Kimeridgian 
Brachiopoda.  Orbiculoidea  latissliiia,  Lingula  ovalis,  Ehyncbonella  iDcon- 

Lanullibraitcliia.  OHtreadeltoidea,  Thrai^iadenressa,  Aatsrte  hartwellensia, 

Trigoniamouilifrra,  Protocaraiastriatula,  Eiogyra  vjrgula. 
Giairopoda,     Pleurotomuria   reticulato   (also  Oxfordian   and  Corallian), 

LiCtdritia  pulcherriMia. 
Ctphalopoda.  Ammonites  (Pcrisphinctea)  biplei,  Am.  (Card iocs ras)  alter- 

nana,  Am.  (Ri-iii«ckia)  endoxus,  Belemnites  nitiduB. 
Il/ptitui.         Ichthyosaurua    tri^onua,     Icli.    entheciodoD,    Pleaiosaams 

trochnnteriuB,  Phoaaurus  macromerHa.Geoaaurus  m--' 
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Foaili  ofUu  ForUandian 
Adijuaoa.       lustres  obloDgo. 
Braehiapoda.  Waldheimia  bolonienais. 
LameilibniTickia.  Protocardiudiseiiniiia,  C^thereanigosa,  Pcruamftiloidee, 

Pecten  Ismellosoa,  lYigoDU  gibbosa,  Lucius  portlsndica, 

Oatrea  expanaa. 
Oatlropoda.    Cerithium  portlandicum,  Neritoma  giauosa,  Katica  elegana, 

Pleurotomaria  nigata. 
Ctphalopoda.  Ammonitea  (Olcoetephanus)  giganteua,  Am.  (Pmsphinctes) 

boloniensie. 


FoasiU  of  the  Parbak  Bcd$ 
{Esluarine,  pTeshiaaUr,  and  TerreUrial) 

Planti.  Mantellio  nidiformia,  M.  niierophjUa,  Cham  Jaocardi. 

Echinodenna.  Hcmicidaris  purbeckensis. 

Cruslacea.        Cjpriii  piirboclienais,  Cy.  gtanulosa,  Cy.  punctata,  Arehso- 

niscna  Edwardai. 
LamellibraiuAia.  Corbula  alata,  Cyrena  media,  C.  elongsta,  Ostrea  dis- 

torta,  Unio  valdensis. 
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Physa  Briston,  Viviparua  carinifera,  V,  elougatus,  Pknorbis 

Fisberi,  MBlanopais  korpoironaU. 
Bupreston  stygniis  (a  beetle],  and  many  othsrs. 
Lepidotus    minor,   Hybodua  atriatua,    Microdun    radUtus, 

Aapidorlijncbua  Fiaberi. 
Goniopholis,     TherioHucbna,     Nannoauchna     (Crocodiles), 

Cbelone  and  Pleuroatenion  (Turtlea),   and   Doratorhjm- 

ebus  (a  PUrodactjle). 
Twelve  ^nera  and  twenty  apecieB  of  Mammala,  of  which  the 

more  important  are  Flagiaulax,  Bolodon,  SpalacotherintD, 

Triconodon,  Stylodon,  and  Amblothenuin. 


SlRATiaRAPBY 

111  the  case  of  the  Upper  Jnrauic  rocks  we  need  not  divide 
tlieir  range  through  England  into  more  than  three  aectiona  or  du- 
tricts  for  separate  consideration.  The  first  we  maj  call  the  soathem 
district,  the  beda  exposed  in  all  the  southern  counties  as  for  north 
as  the  neighbourhood  of  Thame  and  Ajleabury  in  Bocks  belong- 
ing to  one  lithological  type  ;  the  second,  or  central  district^  in- 
cludes the  counties  of  Bedford,  Huntingdon,  Cambridge,  and  Lin- 
coln ;  the  third,  or  northern  district,  contains  the  Yorkshire  type. 


1.  Sovihem  Dittrict 

Oxfordian. — LiUiologically  this  is  divisible  into  two  unequal 

parts  :  (1)  the  Kellaways  Beds,  which  are  a  gronp  of  sands  and  clays 

with  masses  of   calcareous   sandstone,  and  (3)  the  Oxford  Clay 

proper,  which  includes  several  hundred  feet  of  blue  and  gray  clays 
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with  oceaakinal  layers  of  eartbj  limeBtone  uid  of  Beptarian  nodnlM. 
I'alKontologicallf  it  ie  diTiuble  into  four  zones  as  follow  in  deicend- 
ing  order ; — 

Zona  of  Am.  cordatua  \-ia„^  „i.™  ^tu  ...^.^. 
j^^^^^lBlM  clays  with  Mptan^ 

„  „    ja4(m,  gr»7  ahaJw  with  pyrltia  foBBile. 

„  „     cailomauis,  EellawajB  beds. 

The  zones  of  Am.jaton  and  Am.  Lamberli  are  united  by  Mr. 
H,  B.  Woodward  to  form  a  zone  of  Am.  omatiu,  but  aa  that  ia  a 
rare  species  in  the  aouth  of  Eoglaod,  and  the  two  zones  can  gener- 
allj  be  recognised  where  there  are  sufficient  exposures,  it  seems 
better  to  adopt  them. 

The  Oiford  Clay  is  well  exposed  in  the  cliffs  near  Weymouth, 
and  the  four  zones  have  been  recognised  there  by  Mr.  Woodward 
with  a  total  thickness  of  about  &00  feet ;  the  Kellaways  Beds  may 
be  60  or  70  feet,  the  two  central  zones  about  180,  and  the  cordatm 
zone  2S0  feet  thick. 

There  are  no  good  exposures  in  Somerset,  but  in  Wilts  the 
lower  beds  are  traversed  by  the  Great  Western  Railway  near  Trow- 
bridge, and  were  described  by  Mr.  R.  N.  Mantell.  The  same  beda 
ore  exposed  near  Chippenham,  and  the  higher  zone  of  Am.  javm 
seems  to  have  been  traversed  in  cuttings  near  Christian  Malford 
(1841),  whence  many  fine  fossils  were  obtained,  such  as  Am.  jaeon, 
Am,.  Eliiabeihce,  Btlemnitet  Oweni,  and  SeUmnoteuthis  anfiguiu. 

The  whole  of  the  Oxford  Clay  was  passed  through  by  a  boring 
at  Swindon,  where  it  was  proved  tJi  be  572  feet  thick,  and  the 
existence  of  the  usual  four  zones  ia  shown  by  the  fossils  obtained.'! 

Near  Oxford  the  thickness  of  this  stage  is  estimated  at  about 
450  feet  ;  parts  of  it  are  seen  in  several  brickyards,  and,  as  was 
pointed  out  by  Proressor  J.  Phillips  in  hie  Qeology  of  Oxford,  there  is 
evidence  of  the  existence  of  thsjiuon,  Lamberti,  and  cordatat  zonea. 

The  Ooralllan  Bede. — This  stage  was  termed  the  "coral 
rag"  by  William  Smith  in  1810,  from  the  abundance  of  corals 
in  some  of  its  beds,  and  it  was  subsequently  divided  by  J.  Phillips 
into  a  lower  and  upper  "calcareous  grit,"  with  the  "coralline 
oolite"  between  them.  The  name  "Coraltian"  was  proposed  by 
d'Orbigny  in  1849,  and  is  now  generally  adopted  as  more  con- 
venient for  the  variable  group  of  beds  which  intervene  between 
the  Oxford  and  Kimeridge  claya.  Two  zones  can  be  recognised, 
which  can  also  be  called  the  Lower  and  Upper  Corallian,  thus  : — 


Corallian  V  Coral  rag  limeatonea/' 


CoraUian  I  ^""'  calcareous  grit,  Zone  of  Am.  j 
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In  South  Dorset  the  Corallian  haa 
feet,  but  in  North  Dorset  it  is  not  i 
northwards  it  varies  from  60  to  lOO. 

The  Corallian  is  veil  exposed  in  the  cliffs  soatb  of  Wey mouth, 
where  local  names  have  been  given  Ut  the  several  members  of  the 
succession  bj  Messrs.  BUke  and  Hudleston,  as  below : — 


fSsndsfaot  grits 
Sandiroot  olay 
Conllisnl  Trigonia  beds,  sbell;  ragst«iiea 


Upper    I  Sandiroot  olay 

'■    illisnl  Trigonia  beds,  i  .     ,      „  .     .    . 

(.Osmington  oolite,  limee tones,  and  maris 


Lovor    f  BencIilfgritB,  falss-bedded  sands 

cor.iii.«l  ^'li'  ='■;.  •>'»">■  "■"'J  '■■I"  ■. 

\^^othe  grits,  calcareous  gnU,  and  in 


15  to  25 

12fo40 


10  to  35 
30  to  40 
EO  to  35 


The  Nothe  grits  and  clays  contain  a  mixture  of  Oifordian  and 
Corallian  species — On/ph/ea  dilatala,  AmmoniUt  cordatui,  Oetrea 
gngaria,  and  Trigonia  perlala.  The  Osmington  and  Trigonia 
beds  represent  the  coral  rag,  but  corals  are  rare  ;  the  rags  contain 
Trigonia  clavdlata,  GetviUia  aviculoidet,  Nerinma  Gocdhalli,  Am, 
jilicatiliM,  and  many  other  fossils.  The  Sandsfoot  days  and  grits 
yield  Attarte  supraeorallina,  Vetopeeten  tumidvt,  Thracia  dtpreua, 
Fholadomya  hemianrdium,  with  Uitrea  deitoidea  and  BtUnaiiia 
nitidvt,  which  range  into  the  Kimeridge  clay. 

Near  Abbotsbury  the  Sandsfoot  grits  pass  into  ferruginous 
sandstone  and  oolitic  ironstone,  the  latter  quarried  as  ore.  Similar 
ironstone  occurs  at  Weatbury  in  Wiltshire,  in  which  county  the 
general  succession  is  ; — 

Upper    f f  and  cUys}'^?!*'-  -'-™°-  ^'  "     '^  |^  ^0 

CorallUnI  Rubbly  oolite  aud  coral  bedslg,  yo  to  50 

(.Cains  freestone  /  ^* 

Lower  ConJliau,  sands  with  calcareous  burrstones  50 

The  freestone  thins  out  rapidly  north  of  Calne,  and  is  not 
present  at  Faringdon,  where  the  Upper  Corallian  is  not  more 
than  20  feet  thick.  In  Oxfordshire  this  stage  consists  of  coral 
rag  (30  to  40  feet)  and  lower  calcareous  grit  (50  to  60  feet),  the 
former  consisting  of  coralliferous  and  shelly  limestones,  the  latter 
of  sands  with  calcareous  burrstones.  But  near  Stainton  St.  John 
these,  beds  change  rapidly  and  appear  to  he  replaced  by  claya. 

Klmeridslai>-' — This  formation  takes  its  name  from  Kimeridge 
Bay  near  SL  Alban's  Head  in  Dorset,  where  it  han  »  thickness 
of  no  less  than  1000  feet,  and  is  divisible  into  two  sub-stages — 

F»t. 

Amm/mila  bipUx  600 
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In  Dorset  and  Wilts  the  lower  part  consUts  of  dark  claya  and 
shales  with  layers  of  septaria  and  cement  atones  ;  these  beds  yield 
Am.  alUmani,  Am.  mulabilii,  OttTta  ddtoidea,  and  EhyndwaeUa 
tneofufaTU.  The  upper  beds  are  bUck  hitummous  shales  and 
gray  papery  shales,  often  foil  of  broken  and  compressed  shells; 
they  yield  Am.  bipUx,  Protocardia  ttncUida,  TKracia  d^trasa, 
Brogyra  virguUt,  and  LuHna  miniacula.  Beptilian  bones  occur 
throughout  the  Kimeridge  clay,  and  among  them  are  remains  of 
two  speciu  of  Pterodactyles. 

There  are  few  good  inland  sections  of  the  Kimeridge  Clay,  and 
its  thickness  is  greatly  diminished  in  passing  throt^^h  Dorset  and 
Wiltshire,  for  at  Swindon  it  is  estimated  to  be  only  about  31)0 
feet. 

In  Berkshire  and  Oxfordshire  it  is  not  much  more  than  100 
feet,  but  is  etill  divisible  into  the  two  zones. 

Portlandian. —  Like  the  Kimeridge  Clay,  these  beds  are 
thickest  in  Dorset  and  thin  northwards.  They  are  well  exposed 
between  Durtstone  Head  and  St.  Alban's  Head,  where  they  are 
divisible  as  follows  ; — 

Feet 
Upper  Portlandian  or  zone/  Freestone  beds   .  ,       40  to    GO 

oS  Am.  giganltui        \Clierty  beds  .         .         .       GO  to    7G 

Lower  Purtlandisa  or  zone  TSandy  marls,  sands,  and 

of  Am.  gigat  \     calcareous  sandstone        .  130  to  ISO 


The  hard  snndy  marls  of  the  lower  group  contain  Ajo.  bipUx, 
Exogyra  irvMlutana,  Trigonia  incarva,  Tr.  Pdlati,  and  Ehynch<meUa 
poHlandica.  The  "cherty  beds"  are  brown  earthy  limestones 
with  irregular  layers  and  nodules  of  flinty  chert  ;  Pecten  lamellosut 
and  Protocardia  ditdmilu  occur  in  these  beds.  The  freestones  are 
oolitic  limestones,  which  are  largely  quarried  for  building  stone, 
and  the  successive  beds  are  locally  known  by  different  names, 
such  as  "curf,"  "whit  bed,"  and  roach";  they  contain  Trigonia 
ffibbam,  Pema  rnytUoidu,  Ceritkium,  portlandicum,  and  Ammtmila 
giganteas. 

At  Portland  the  succession  is  similar,  and  the  total  thickness 
about  220  feet ;  but  at  Upwey,  north  of  Weymouth,  a  different 
facies  presents  itself,  the  whole  Upper  Portlandian  having  passed 
into  a  white  chalky  limestone  with  black  and  gray  flints.  This 
is  not  more  than  30  feet  thick,  while  the  sandy  beds  are  about 
«0  feet,  so  that  the  whole  is  less  than  100  feet.  In  the  Vale  of 
Wardoui  both  chalky  and  oolitic  limestones  occur,  and  the  general 
succession  near  Chilmark  is  as  follows  : — 
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FmI 

fBnff  oolitic  limestone  (upper  freestone] 
Soft  white  chalky  atone  with  fliots     .         .    10  tc 
Portf«hdian"|  RftRstonea,  brown  «helly  limestones    . 

l,Qrittj  and  Bhellj  limsstonei  (lower  freestone)     . 
Lower  Portlandiui,  brownish  sands  and  c)>;b 


About  100 


The  apper  fKestone  contains  Trigonta  gibboia,  Cytheraa  ragota, 
NvritoTiM  simiota,  and  GerUkiv/m.  portlandicutn.  The  chalky  beds 
have  Ottrea  expanta,  Pedat  lamellotiu,  and  otber  fos»iIs,  and  the 
ragstones  yield  many  gastropods,  such  as  Natica  rUgtuu,  Neritoma 
timuna,  and  (knthium  eoneaman. 

The  next  good  section  of  the  Portland  group  is  at  Swindon, 
where  the  limestones  are  partly  replaced  by  sandx.     The  beds  are 


Ptg,  IW.— PtiOKiMHxnc  viiwoFIHB8*lHDOBauARKiM(»nerProteMorJ.F.  Blske). 


exposed  in   railway    cuttings    and   quarries,    and    the     combined 
miccession  m  jjiven  by  Mr.  U.  B.  Woodward  as  follows : — 


PortiSdian  1         <»™»U8  Miidatoae 20  to  25 

I  Marly  and  oolitic  limestones  with  small  pebbles 

I.        at  base 3  to    7i 

Lower       I  Blue  elay  wefltberiog  brown    .  .  14  to  20 

Portlandiau  1  ***''?  Bsndstone  witli  Exogyra  brtiMviana  6  to   8 

\  Sands  with  doggers  of  calcareous  sandstone      .  SO  to  40 

Abont  100 
The    uppermost    limestones    resemble    those   in   the   Vale  of 

Warduur,  and  contain  the  same  fossils,  Geritkium  poiilaTuUcum  and 

TH^onia  gihbosa  being  common.  • 

Purbeok  Beds. — The  typical  Purbeck  Beds  are  only  found 

where  the  Portland  beds  are  completely  developed,  as  in  Dorset 

and  tbe  Vale  of  Wardour.    They  consist  of  limestones,  ebnlcH,  black 
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earths,  and  marls,  in  thia  beds,  which  exhibit  altern&tioDS  of 
terreatrial,  freshwater,  brackish  water,  and  estaarine  conditions, 
the  changes  from  brackish  to  freshwater  deposits  being  genenJlf 
gndoal,  while  the  reverse  changes  are  abrupt,  indicating  sudden 
inroads  of  the  sea. 

In  Durlston  Bay,  near  Swan^e,  these  beds  are  400  feet  thick, 
and  have  been  divided  into  Lower,  Middle,  and  Upper  stages  bj 
Messrs.  Furbes  and  Bristow,  the  following  being  a  summary  of  the 

Feet. 

IQnijr  and  purple  marls  witli  Vivipanu  earini/eras,  not 
Been  at  Durlaton  Bay 14 
Shalea   with   beds    of    Paludina   limestone    (Purbeck 
marble),  Cypridea  abundant 45 
Unio  beds  and  shelly  limestones  vith  Vivipantt  .        .       15 
' '    n-shales  and  thin  limestones  with  layers  of  gyp' 

um,  Corbala,  Gyrvaa,  Cytlat,  ew 64 

:   Hard  shelly  limeatones   with  partings  of  shale,  fossils 

of  marine  sod  estuariue  species         .        .         .         .50 

I    Cinder  bed,  ■  maaa  of  Oitrca  datarta      ....         9 

in   linieBtones,  marls,  and  shalea   with    reraaina  of 

insects,  lish,  and  fnwhwater  shells  ;   at  the  base  Is 

a  black  shale  with  mammalian  remaina    ...       43 

Marly  freshwater  beds,  Phyia  and  Plarun-bii  .  .  7 

and  mavly  liraeslcnes   with  Canft'um,  Corbula, 

_  re?ia,  and  Cyprida 82 

Marly  limastonoa  and  shalea,  with  Cypridee  ...       38 

Beds  of  broken  slaty  limestone 15 

Brown    bituminous  limestones  with    a  layer  of  dark 

earth  (dirt  bed)  resting  on  Portland  atone         .         .      19 

406 
The  same  series  can  be  seen  in  Worbarrow  Bay,  Mupes  Bay, 
and  Lulworth  Cove,  hut  become  thinner  to  the  westward,  200 
feet  at  Mupes  Bay,  only  176  feet  at  Lulworth,  and  at  Ridgeway 
Hill  190  feet.  The  Lower  Furbeck  is  characterised  by  Oypri* 
purbeekentit,  the  Middle  by  Oypridea  grarailnia,  and  the  Upper  by 
punctata. 

The  lowermost  beds  are  well  exposed  in  the  quarries  at 
Portland,  wherathe  most  remarkable  stratum  is  the  upper  "dirt 
bed,"  which  is  a  dark  brown  loamy  earth — an  actual  soil  or  terres- 
trial surface,  in  which  cycods  and  coniferous  trees  are  still  rooted. 
It  occurs  about  11  feet  from  the  base,  and  its  thickness  is  not  more 
than  a  foot. 

The  Purbeck  Beds  are  cut  off  and  faulted  against  the  Chalk  and 
Oreensand  by  the  great  Ridgeway  fault,  and  they  are  not  seen 
again  till  they  crop  out  in  the  Vale  of  Wardour  (Wilts),  The 
'  1  this  area,  as  described  by  Mr.  W.  R.  Andrews  and 
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infself  in  1894,'*  with  such  Bubsequent  corrections  bj  Ur.  H.  B, 

Woodward  "  as  we  accept,  is  aa  follows ; — 

FteL 

t  Clajt,    marls,   and    shelly  limestonea   with    Oypridta 

pundala,  Cyrena  media,  and  Unio  .        .        .        .10 

Yellow  uiid  and  gray  clay 12 

I   Sandy  and  marly  limestones,  shelly  marls,  and  cinder 

bed  with  Oltrea  distorta  and  TVigtmia  gibboia  .        .       12 
Limealones  and  shelly  msrla,  CypHdea  granttlasa  .       11 

,   Marly  iimeatoDes  (locally  k»owit  as  Lias)   with  layers 

at  aha]j  mial,  Cypria  puTbeckensii      ....      20 

Pals  yellow  oolitic  limeatonefl  ind  marls         ...      25 

L  Gray  laminated  marls  and  limestonea      ....      20 

ToUl  about  110 

The  lower  beds  are  well  exposed  at  Wockley,  and  the  passage 
from  Portland  to  Furbeck  conditions  takes  place  in  a  bed  of  lime- 
stone about  2  feet  thick,  the  lower  part  of  which  is  a  chalky 
limestone  with  marine  fossils,  and  tlie  upper  part  a  fla^y 
limestone  with  eatuarine  Cyprids  {Cyprii  bononieniit  and  Candone 
ansata).  At  Chilmark,  however,  ihe  junction  is  very  different 
and  is  like  that  in  Dorset,  a  thin  seam  of  dark  clay  resting  directly 
on  the  Upper  Portland  freestone,  which  is  absent  at  Wockley, 
unless  represented  by  the  2  feel  of  limestone  above  mentioned. 

The  Lower  Purbeck  is  seen  again  at  Swindon,  resting  un- 
conformably  on  the  Portlandian,  the  basement  bed  being  a  rubbly 
marl  enclosing  rolled  lumps  of  limestone.  The  thickness  seen, 
however,  is  only  about  18  feet. 


2.  Cenlnil  District 

In  this  part  of  England,  from  near  Quainton  in  Bucks  Ui  the 
estuary  of  the  Humber,  a  brood  mass  of  clays  inteFvenee  between 
the  outcrop  of  the  Combrash  and  the  base  of  the  Cretaceous  series, 
beds  of  Portland  and  Purbeck  age  beii^  only  found  near  Ayleebuiy. 
This  mass  of  clay  is  divisible  as  follows  : — 

Bsdlbnl.  Llncsh. 

Kimeridse  clay 120        300 

AmptUill  cUy  (  =  Corallian)    ....       BO  20 

Oifordciay 500        SCO 

Ozfordian.. — -ThiB  is,  of  course,  a  continnation  of  the  Oxfordian 
Beds  described  on  p.  376.  The  Kellaways  Beds  are  exposed  in 
quarries  and  cuttings  neor  Bedford,  and  have  yielded  Amnumitea 
gtm>erianvg,Ancylo<xrat  calloviettee,  Beiemntiei  Oweni,  Grgphtea  biUibaia, 
and  PlmTomya  recwva.     Near  Huntingdon  and  St,  Ives  there  are 
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good  ezpoaurea  of  the  clays,  which  here  include  many  bands  of 
earth;  and  sandy  limestone.  At  St.  Neots  the  heds  ezpoeed  helong 
to  the  zone  of  Am.  jaton,  while  those  at  St  Ivea  below  the  Sf  Ives 
tock  belong  to  the  zone  of  Am.  eordatui. 

Profesaor  Judd  recognised  the  following  sequence  north  of 
HnntingdoD ; — 

5.  Clays  with  Ata.  eordaiua, 

i.  Clays  with  Am.  onuU/M  and  Am.  DuiKoid. 

3.  Claya  with  Bel.  kattatas  and  Bd.  Otoeni. 

2.  Sbales  with  Xucala  rtuda  and  Am.  janm. 

I.  Kellaways  sands  and  clays. 

Near  Peterborough  the  claye  of  Ku.  3  have  yielded  ten  species 
of  reptiles  and  five  of  fish.  The  Oiford  clay  borders  and  nnder- 
liea  the  western  part  of  the  Fen  district  emei^ing  on  the  north 
side  of  the  river  Witbam  near  Bardney,  and  passing  northward  to 
the  valley  of  the  Ancholme,  which  drains  into  the  Humber. 

OoraUian. — In  Bucks  and  Bedfordshire  this  stage  is  repre- 
sented by  the  Ampthill  Clay,  named  from  the  small  town  of 
Ampthitl.  This  clay  contains  a  mixture  of  species  belonging 
to  the  Oxford  and  Eimeridge  clays  with  a  few  that  are  more 
especially  Corallian-  The  chief  Ammonites  are  ackiUa,  eordatux, 
■^italUiiy  and  vtrt^alit;  with  these  are  foand  Alalia  hinpvnom, 
Exogyra  nana,  Oitrea  deltoidea,  0.  ditcoidta  (allied  to  deltoidea  but 
more  circular),  Gryphaa  dilatata,  Oxdari*  JUrngemma,  and  C.  Smithi. 
As  seen  near  Ampthill  this  division  consists  of  gray  marly  clay 
with  aelenite  and  a  bond  of  septaria  at  the  top  and  a  bed  of  nodu- 
lar limestone  4^  feet  thick  at  the  base. 

At  Elswortb,  between  Cambridge  and  St.  Ives,  there  are  two  beds 
of  dark  gray  fermginoue  limestone  which  are  now  regarded  as 
equivalent  to  the  lower  calcareous  grit,  and  are  overlain  by  clay  of 
the  Ampthill  type.  Similar  limestone  occurs  at  St.  Ives  and 
Upware,  and  these  beds  have  yielded  some  typical  Corallian  fossils 
such  aa  Hohctypus  deprestai,  CollyrUa  bicordata,  Terebratida  iniignitr 
fFaldheimia  bwxuletita,  Trigtmia  periaia,  and  Pholadomya  aqaalu. 

At  Upware,  between  Cambridge  and  Ely,  there  is  an  isolated 
maas  of  undoubted  Coral  Bag  and  Coralline  oolite,  which  seems  to 
be  part  of  a  true  coral  reef.  One  pit  eiposes  coral  limestone,  with 
Thamnattrea  araehnoidm  and  ItattTsa  explanaia,  Gvlaris  fiorigermim, 
Opit,  Plicatitla,  Lithodomut,  and  other  inhabitants  of  the  reef ;  while 
anotjier  pit  ia  opened  in  soft  yellowish  oolite,  without  corals,  but 
containing  NiKleoliUs  ecuUUtu  and  HoUclijpui  depreutu.  This  coral 
reef  is  not  of  lai^  extent,  for  no  such  rock  was  found  in  a  boring 
2^  miles  north-west  of  Upware,  which  traversed  the  following  beds 
as  identified  by  Mr.  T.  EoberlB : " — 
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S.  AllUTia]  deposits  (peat  an<l  bsdiI) 

5.  Lower  Greensand 

4.  KimeridRe  ciay  with  Am.  altemans 

3.  Ampthill  clay 

2.  Elawortli  rock  and  brown  Baodatone 

1.  Oxford  clay  (ckys  ajid  limeBtone  bands)  . 


199 


The  Ampthill  clay  was  recognised  by  Mr.  Roberts  in  Lincoln- 
diire.^"  It  forms  a  narrow  band  between  the  Oxford  and  Kimeridgt: 
clays  from  Bardaey  on  the  Witbani  to  Bri^s  and  Wtawby,  and  it 
yields  the  same  foseils  as  in  Bedford  and  Cambridge.  Its  thickness 
is  not  lesa  than  20  feet,  and  may  be  more. 

KimeridgioD.-^Near  Aylesbury  the  Kimeridge  Clay  is  not 
more  than  100  feet  thick,  and  merges  upward  into  a  sandy  clay 
containing  Portlandian  fossils  (the  Hartwell  clay).  Near  Leighton 
Bnzzard,  and  thence  through  Bedfordshire,  most  of  the  Kimeridge 
Clay  is  concealed  by  the  Cretaceuus  sands,  and  does  not  emerge  again 
till  ive  reach  the  neighbourhood  of  Papworth  in  Cambridgeshiie, 
where  it  appears  above  the  Ampthill  Clay,  and  runs  in  a  naiTOW 
belt  by  Knapwell,  Boiworth,  and  Cottenham  to  the  Fens.  Its 
base  was  exposed  in  Knapwell  brickyard,  and  is  marked  by  a  layer 
of  phosphatic  nodules  resting  on  the  Ampthill  clay.  A  sifnilar 
layer  of  nodules  marked  the  base  in  the  boring  at  Chitlering  above 
mentioned. 

Near  Ely  this  clay  has  been  largely  dug,  and  both  ^onea  (upper 
and  lower)  have  been  recc^ised.  The  lower  (from  60  to  90  feet) 
contains  Am.  allenums,  AitaTt»  mipracoraUina,  Ottrea  ddtmdea,  etc.  ; 
the  upper,  of  wliii:h  only  16  feet  is  seen,  contains  Exog^a  mrguia 
and  Orbiculoidea  laiiimma,  but  still  higher  beds  may  be  concealed 
beneath  the  Cretaceous  rocks. 

In  Lincolnshire  both  lower  and  upper  divisions  are  well  de- 
veloped, and  the  vrhole  stage  is  probably  about  600  feet  thick.  The 
lower  beds  are  exposed  near  Homcastle,  Wraghy,  Uarket  Rasen, 
andWrawby  nearCaistor.  At  Rasen  it  yields  many  finely  preserved 
fossils,  which  include  Am/mi/nitei  aUnriotu,  Am.  mutabilie,  Trigoraa 
JjutdiattOflmxeramvi  rasenennt,  Thracia  deprttsa,  and  Nucula  Mmkei. 
The  upper  beds  are  mainly  shales,  seen  near  Spilshy,  Fulletby,  and 
West  Aahby,  and  yielding  Am.  bijiUx,  Prolocardia  ttriatvla,  Xuctna 
miniucula,  Lin^ula  ovalit,  and  Orbiailoidea  lalimma. 

Portlandian. — These  beds  are  well  exposed  neat  Tbanie, 
Brill,  and  Aylesbury,  where  tbey  exhibit  a  special  faciea  different 
from  that  of  Dorset  or  Wiltshire.  The  complete  s 
gathered  from  several  quarry  sections,  is  stated  as  follows  ;~ 
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(Brown  sandjrtniLTl  and  hard  limestone,  Am.  gigan- 
teu3,  Ottrta  expaiua,  and  Trigimta  .        .       0  to    2 

Mnrlf  and  shelly  limeatones,  Trigonia  gibboaa  .        .      6  to    9 
Greenish  yellow  sand  .      fi  to    6 

Marly  and  rubbly  limeatona  with  fosaila  .  ,     10  to  16 

Yellowiah  green  sand  with  a  bed  of  small  pebbles  of 
quartz  and  Ijdianito  at  the  base   .         .         .         .       8  to  10 
Uartwell/Fine  windy  cUy  with  Aatarte  hartwtUaiMt,  Cardiian 
Clay    \     morinucam,  Fe        "      '      ..    ™  ..     -    ^  >.  .- 


BoacKaTdi,  Trigmda  Pdlati 

About  60  feet 

Here  it  would  aeem  that  the  Portland  SandB  are  replaced  by 
the  Hartwell  Clay.  The  most  northerly  outlier  of  these  beds  i« 
at  Stewkley  Warren,  4  miles  west  of  Leighton  Buzzard,  where 
about  16  feet  of  them,  capped  bj  a  few  feet  of  Purbeck  Beds,  was 

Beyond  this  they  are  not  seen  either  in  Bedford,  Cambridge, 
Norfolk,  or  Lincoln,  but  derived  and  phoephatieed  Portlaudian 
fossils  ate  of  frequent  occurrence  in  the  Lower  Cretaceous  sands, 
and  consequently  it  is  most  probable  that  they  originally  extended 
through  these  counties,  but  were  destroyed  at  the  beginning  of  the 
Cretaceous  period. 

Purbeok  Beds. — In  the  neighbourhood  of  Thame,  Aylesbury, 
Brill,  and  Whitchurch  the  Portland  Beds  are  succeeded  by  a 
variable  group  of  beds  with  freshwater  fossils,  which  are  geaeiully 
considered  to  be  of  Purbeck  age.  They  consist  of  a  variable  series 
of  thin-bedded  limestoneH,  marls,  shales,  clays,  and  Calcareous  aands, 
and  do  not  exceed  30  feet  in  thickneBs.  They  have  yielded  re- 
mains of  plants,  insects,  cyprides,  with  Vivipanu,  Gyrena,  Modiola, 
and  the  following  fish,  L^ridotue  minor,  Pleuropholii  lerrata,  Atpido- 
rhyndiui,  and  Metodon. 

3.  Northern  DUtrict 

In  Uie  north  of  Yorkshire  representatives  of  all  the  Upper 
Jurassic  groups  come  in  again,  with  the  exception  of  the  Purbeoks, 
and  are  well  exposed  along  the  coast  near  Scarborough. 

Oxfordian.— Succeeding  the  Combrash  are  10  or  12  feet 
of  shale,  with  Fseudomortolit  tchinota,  which  are  grouped  with  the 
Combrash  by  Hudleaton,  and  with  the  Kellaways  by  EChertdge. 
The  Kellaways  Eock  where  first  appearing  ia  only  9  feet  thick, 
but  in  Gristhorpe  Bay  it  is  24  feet,  and  at  Scarborough,  5  miles 
to  the  north-west,  there  are  no  less  than  76  feet  of  sandstone. 
It  seems,  however,  that  only  the  lower  62  feet  of  this  belong 
properly  to  the  Kellaways,  for  the  highest  beds  contain  Gryphaa 
2  C 
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diialata  uid  Ammoaitea  of  the  Omati  group,  which  characterise 
the  lower  part  of  the  Osford  Clay  elsewhere.  Above  this  Miidjr 
zone  are  gny  sandf  shales  1 20  feet  thick,  containing  Am.  LambtrH, 
Am.  etmlatut,  Am.  crcnoCiu,  and  other  foeaila.  Westward  both 
ahalea  and  sands  decrease  in  thickness,  and  are  onlj  80  feet  thick 
in  the  Howardian  Hille. 

Oorallian  Q-roup. — This  attains  an  unosual  thickness  in 
Yorkshire,  and  occupies  a  large  area  of  ground  roond  the  Vale  of 
Pickering.  It  has  been  specially  studied  bj  Uesst«.  Blake  and 
Hudleston,  and  by  Mr.  Fox-Strangways,  from  whose  memoir 
the  following  tabular  view  of  the  succession  near  Pickering  has 
been  taken : — 

FmL 
Upper  Calcareous  Grit,  shales,  and  grit  with  ^ in.  aittr- 

nana,  BeUmniiea  Kiiidua,  sod  Ooniamya  liUraia  30  to    40- 

Upper  limestODea,  caral  rags,  and  (wlites  with  Avi.  pli- 
so^iZtf,  Bourgiidia  ririata,  Trigonia  perlata,  Cidaris 
fiorigemwa,  ThamvaitTea  ameinna,  and  otlier  corals       40  to    BO 
[iddle  Calc&reoUB  Qrit  with  Am.  pliaUilii.        .        .       40  to    SO 
Iiower  limestones  with  Atti.  cordalta  and  NveU<dite$ 

J  ^  I      K^ilatut 30  to    80 

-v  -s  I  Grayatones,  coarse,  gritty,  and  cherty  limestones  with 
'HI.   goliat}ta»,    OtrvUlia  avicaloida,  and  SAynek, 


From  215  to  400 
Klmeridfflaii.— The  Eimeridge  Clay  is  not  well  exposed  in 
Yorkshire,  for  thoagh  it  doiibtJess  underlies  a  large  part  of  the 
Vale  of  Pickering,  it  is  concealed  by  glacial  drifts,  and  only  the 
highest  beds  are  exposed  on  the  shore  at  Speetou  Qap.  These 
consist  of  brown  and  black  shales  containing  Am.  biplex(l),  Oitrea 
giihota,  Bitciita  latimma,  and  Lingula  ovalis. 

Westward  towards  Malton  borings  show  a  thickness  of  more 
than  400  feet  of  shales  and  clays,  and  the  basal  clays  are  exposed 
in  a  brickyard  at  Hildenley,  where  they  yield  Ato.  mvtabilit, 
Oitrea  deltoidea,  and  Thraeia  deprei$a.  South  of  Malton  it  is 
traceable  along  the  steep  frontal  slope  of  the  Wolds  till  it  is  lost 
under  the  overlap  of  the  Cretaceous  strata  near  Acklam. 

Portlandlftn. — At  Speeton  the  Kimeridge  Clay  is  surmounted 
by  a  bed  of  black  pboiphatic  nodules,  the  "  coprolite  bed,"  and. 
the  clays  above  this  contain  Ammonites  which  resemble  Portlandian 
species,  so  that  the  beds  have  been  classed  by  some  as  Portlandian. 
As,  however,  the  Ammonites  are  not  identical  with  Portlandian 
forms,   and   as    the   Neocomian    Belemnite   (£.    latvralit)  occurs 
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throughout  with  Am.  ngalit  in  the  higher  part,  the  beda  a 
ably  of  Lowei  Cretac«onB  Sige  (see  p.  418). 


4.  Scotland 

West  Ooast. — The  only  member  of  the  Upper  Juniaaic 
Beriea  which  is  found  on  the  west  coa«t  of  Scotland  is  the  Oxford 
Clay.  Thia  overliea  the  great  eBtuarine  Mriea  in  the  islanda  of 
Skje  and  Eigg,  and  conaiste  of  blue  clays  containing  Ainmenita 
cordatiu.  Am.  excavatiu.  Am,  Lamherti,  and  othen.  Above  it  are 
CretaceoDB  rocks. 

East  Ooast. — In  Satherland  a  mnch  more  complete  seriea  is 
found  ;  the  beda  are  seen  at  interrals  along  the  coast  for  a  distance 
of  16  miles,  and  form  a  narrow  atrip  of  low  ground,  which  i» 
bounded  inland  by  a  powerful  fault,  and  the  extreme  width  of 
which  near  Brora  is  about  S  milea  In  this  small  apace  ia 
found  a  sacceaaian  of  beda  lepreaenting  the  whole  of  the  Oxford 
Clay,  Coral  Rag,  and  part  of  the  Kimeridge  Clay,  as  below  : — 

/Light-colonrod  ncdstoiie  ;  no  foseils     ....     100 
Shally  liujesCousB,   bUck  abales,  and  grits  with  Bel. 
I     ahbrevialta,   Ato.   allemana.  Am.   bipUx,  and  many 
KineridgeJ     others ;  ferns,  cjcada,  and  conifere    ....     COO 
Clay      1  White  anndatouea  and  carbonaceoua  shales ;   eatuarine 

beda  with  few  fossila 200 

I  Grita  and  sandstones  ;  Am.  Inpltx,  Am~  etidoxvs.  Am. 

\     miUabilU,  aud  Bel,  ebeligcui t  200 

I  Gray  limestones  and  eaud;  clays  in  two  handa,  separated 
I  by  60  feet  of  whit«  sandstone  ;  Am.  eardatiu,  Am. 
I     eaxavaius,    Trigimia  corallina,  and  other  coral   rag 

species T  ISO 

Corallian   {  White  sandstones  with  bands  of  lignite  and  ocoasional 
I     layera  containing  casta  of  marioe  shells  ;    estuuine 

I     beda 400 

I  'White  cherty  saudatoDe  with  many  foasita,  A'm,  pvrar- 

\     matat.  Am..  arhiUtt,  etc.  (lower  calcareone  grit]  26 

{Sandy  claya  and  bUck  shales  with  Bel.   (heeni,  Bel. 
luutaius.  Am.  ornaliu,  A^n.  Dv/nrani,  etc.,  etc.          .     300 
Sandv  ahalea,  with  Nuaila  niida.  Am.  gowaiania,  and 
Am.  c<Ul<,me^^         .         .        .                 .         .         .         5 
Calcareona  sandstone  vritli  many  fossils,  fauna  of  Ecl- 
lawaya  Rock 5 


FHYBICaL   OEOaRAPRY  Or  THE  JUKASSIC   PsRtOD 

1.  Iiower  JurasBlo   Time The   physical    geography   of 

the  Liaaaic  epochs  waa  a  dmple  and  direct  modification  of  that 
which  prevailed  during  the  preceding  Ttiasaic  period.       No  local 
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eleTBtiona  and  sabaidencee  took  place  in  the  British  area,  for  tlie 
Rhffitic  and  LiaBsic  beds  OH^upj  the  stune  basins  of  deposit  as  those 
which  hold  the  Keuper  marls ;  the  great  lakes  or  inland  seas  in 
which  the  latter  were  accumulated  became  bj  submergence  the 
seas  and  bays  in  which  the  shales  and  limestones  of  the  Lisk  were 
laid  down. 

All  the  central  and  southern  part  of  England  was  covered  by 
the  sea,  but  there  was  a  la^;e  area  of  land  to  the  east  of  our 
islands,  and  a  portion  of  this  extended  into  the  east  of  England, 
though  the  treud  of  its  coast  is  quite  uncertain.  About  the  land 
on  the  west  we  have  more  information  ;  it  was  probablj'  continuous 
from  the  north  of  France  through  Cornwall,  Devon,  Wales,  and 
Ireland  ;  the  sites  of  tbe  English,  Bristol,  and  Irish  Channels  seem 
to  have  been  bays  or  gulfs  running  up  into  thia  land,  and  these 
channels  then  narrowed  westward,  opening  into  an  eastern,  and  not 
a  western  aea  as  they  do  now.  As  to  the  Irish  Channel  we  have  no 
certain  information,  but  if  a  gulf  then  existed  on  its  site  tt  doubt- 
less opened  northward  and  narrowed  southward.  The  Mendip 
Hills  formed  an  island  at  the  mouth  of  the  gulf  that  separated 
Devon  and  Wales. 

The  greater  part  of  Scotland  seems  to  have  been  land  which 
projected  southward  through  the  north  of  England  and  along  the 
Pennine  chain,  dividing  the  sea-space  into  two  great  gulfs — one 
ext«nding  north-eastward  into  what  is  now  the  North  Sea,  and  the 
other  stretching  westward  iuto  Ireland,  and  thence  northward 
along  the  western  coast  of  Scotland  to  Mull,  Skye,  and  Raasay. 

The  chief  difficulty  in  the  restoration  of  Liassic  ge<^raphy  is 
the  manner  in  which  the  sea  penetrated  to  the  north-east  of 
Scotland.  It  has  been  supposed  that  open  sea  extended  northwards 
from  Yorkshire  outside  the  east  coast  of  Scotland,  and  that  from 
this  sea  a  bay  reached  westward  into  Sutherland  ;  but  this  theory 
carries  an  eastern  sea  for  200  miles  over  a  space  where  there  is  no 
evidence  of  its  existence,  and  the  estuarine  character  of  the  beds 
which  overlie  the  Lias  in  Yorkshire  make  it  probable  that  the 
eastern  gulf  terminated  in  the  estuary  of  a  lai^  river.  Hence  it 
aeema  more  likely  that  the  Moray  and  Sutherland  basin  was  con- 
nected eouth-weatward  acroBs  Scotland  with  the  gulf  which 
unquestionably  extended  to  the  west  coast  within  70  miles  of 
Dun  robin  Castle. 

The  deposition  of  so  great  a  thickness  of  dark-coloured  clay  and 
shale  in  Liassic  times  calls  for  explanation,  and  it  may  be  fairly 
assumed  that  this  material  was  mainly  supplied  by  the  destruction 
of  the  Carboniferous  shales.  Large  tracts  of  Coal-measures  and 
of  Lower  Carboniferous  shales  must  have  existed  at  this  time  both  in 
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Inland  and  Seotlaud,  and  the  rivers  flowing  off  theae  tncts  wonid 
pour  little  else  than  black  mud  into  the  suironnding  sea,  while  tlie 
>nTeB  would  eat  deep  into  such  portions  as  came  within  their 
reach  during  the  gradual  subme^nce. 

2.  Middle  Jurasalo  Time. — The  physical  geography  of  the 
British  Islands  dnrijig  this  part  of  the  Jniassic  period  does  not 
seem  to  have  differed  much  from  that  which  prevailed  during 
Liasdc  times.  The  same  general  amiDgement  of  sea  and  land 
which  has  just  been  described  continued  during  the  fonuation  of 
the  Oolites,  though  certain  important  changes  and  modifications  of 
the  coast-line  seem  to  have  taken  place,  otherwise  it  would  be 
difficult  to  explain  the  complete  change  in  the  chaiacter  of  the 
sediment  laid  down — the  chaJige  from  ibe  dark  shales  of  the  Lias 
to  the  sands,  marls,  and  oolitic  limestones  of  the  newer  aeries. 

At  first  sight  nothing  seems  easier  to  explain  than  such  a  change ; 
a  clay  succeeded  by  a  limestone  seems  to  point  to  a  genei&l 
depression,  whereby  the  extent  of  the  sea  was  enlarged  and  lU 
depth  increased,  but  it  is  a  mistake  to  suppose  that  all  limestones 
are  deep-water  formations,  and  oolitic  limestones  in  particular  are 
generally  of  shallow-water  origin,  for  such  limestones  are  at  the 
present  day  formed  principally  in  the  neighbourhood  of  coral  reefs. 
Again,  if  the  Coal-measures  were,  as  above  suggested,  the  source 
of  the  mud  composing  the  Lias,  the  supply  of  this  might  be  cut 
off  by  elevation  as  completely  as  by  submergence.  Moreover,  in 
the  Midland  counties  of  England  we  have  distinct  evidence  of  the 
close  proximity  of  land  throt^hont  the  Middle  Jurassic  period ; 
and  finally,  in  Yorkshire  and  on  both  sides  of  Scotland  we  find 
estuarine  and  freshwater  conditions  prevailing  largely  throughout 
the  Middle  Jurassic  series. 

On  the  other  hand,  we  must  remember  that  the  Great  Oolite 
overlaps  the  Inferior  Oolites  and  the  Lisa  till  it  rests  on  the  older 
rocks  below  Richmond  and  London.  Hence,  while  there  seems  to 
have  been  elevation  of  the  northern  and  north-western  districts, 
there  seems  to  have  been  continued  subsidence  in  the  southern  and 
south-eastern  districts.  The  movement,  therefore,  must  have  been 
a  tilting  one,  like  that  which  affected  Norway  and  Sweden  in 
recent  times. 

Confining  our  view  to  the  sea  which  lay  over  the  southern  and 
midland  oonuties  at  thia  time,  we  may  picture  it  as  lying  between 
the  mountainous  region  of  Wales  and  Devon  on  the  one  hand, 
and  the  land  which  is  now  buried  beneath  our  eastern  counties 
on  the  other  hand.  Southward  it  doubtless  opened  into  a  wider  sea 
through  which  came  currents  of  warm  water  from  equatorial 
T^wns,  imparting  a  high  temperature  to  the  British  shores,  and 


.V  Google 


390  STRATIGKAPHICAL  GBOLOOT 

enabling  ^eef-buildiI^;  corals  to  flonrisb  where  other  eondidtms 
were  favourable  to  their  existence. 

In  this  sea  flourished  an  immense  nnmbei  of  marine  creatnn^ 
coral  ree^  were  formed  from  time  to  time,  and  their  debri*  afforded 
the  material  for  the  oolitic  limestones  which  now  furnish  such 
valuable  building  atones.  On  the  surrounding  land  grew  magnifi- 
cent ferns  and  Cfcade,  with  coniferous  trees  on  the  higher  ground, 
but  so  far  as  we  know  the  only  vertebrate  denizens  of  the  region 
were  small  Marsupials,  huge  Dinosaurian  reptiles,  the  bat-like 
Pterodactyles,  marine  crocodilea,  and  a  variety  of  fish. 

The  country  which  now  exhibits  the  nearest  approach  to  such  a 
scene  is  Anstralia  and  its  neighbouring  islanda  There  many  of 
the  Jurassic  types  still  survive.  The  indigenous  Mammalia  are  all 
Marsupials  and  ProtoOieria ;  the  plants  include  ferns,  cycads,  and 
Araucarian  pines.  Coral  reefs  fringe  the  shore,  and  in  the  waters 
are  Cestracioat  fiah  and  many  of  the  same  Molluscan  genera  as  are 
found  in  the  Oolites,  viz.  PhasiantUa,  Stomatia,  Trigmna,  GorbU, 
with  others  that  have  a  wider  distribution,  and  the  Btachiopod 
Waldfieijaia  is  common  in  Torres  Straits.  There  are,  however, 
no  survivors  of  the  Jurassic  reptiles,  nor  of  the  Ammonites  and 
Belemuitea  which  swarmed  in  the  older  seas. 

3.  Upper  Jurasalo  Time. — From  the  strati  graphical  facts 
recorded  in  the  foregoing  pages  we  may  draw  two  conclusions  with 
regard  to  the  physical  conditions  under  wliich  the  Upper  Jurassic 
rocks  were  deposited.  The  first  inference  is  that  the  seas  of  the 
Oxfoni  and  Kimeridge  clays  were  much  deeper  and  more  extensive 
than  the  reef-blocked  sea  of  the  Middle  Jurassic  times.  Secondly, 
we  infer  that  this  sea  again  became  shallower,  partly  by  depoei- 
tion  and  partly  by  upheaval,  during  the  Portland  and  Piirbeck 
times,  till  eventually  the  greater  portion  of  it  was  raised  into 
dry  land. 

If  further  testimony  to  the  shaUowness  of  the  Qreat  Oolite 
waters  were  needed,  the  scarcity  of  Ammonites  io  the  rocks  of  that 
group  would  supply  it,  only  three  species  being  known  to  occur 
in  the  Forest  llarhle  and  Comhrash.  The  sandy  nature  of  the 
Kellawaye  Bock  precludes  us  from  supposing  it  to  have  been  a  deep- 
water  deposit,  but  its  fauna  indicates  that  deep  water  was  not  far 
off,  for  in  these  beds  a  large  number  of  new  Ammonites  suddenly 
make  their  appearance,  and  most  of  them  continue  in  the  Oxford 
Clay.  The  change  from  Combraah  to  Kellaways  Rock  is  particu- 
larly striking  in  Yorkshire,  where  the  latter  contains  no  fewer  than 
forty-one  species  of  Ammonites,  and  only  one  is  common  to  the 
two  deposits ;  twenty  of  these  species  pass  up  into  the  Oifoid 
Clay. 
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Tha  exirtcnce  of  Ojford  Clay  with  marine  foesilB  on  both  sidM 
of  the  northern  part  of  Scotland  is  a  further  proof  of  the  general 
Bubaidence,  and  in  this  widespread  depont  of  dark  bloe  clay  we 
seem  to  have  &  repetition  of  Liaaaic  conditions,  in  ea  far  that  the 
rivers  which  drained  the  aurroundilig  land  were  enabled  to  carry 
down  an  enormous  quantity  of  dark-coloured  mud. 

When,  however,  we  endeavonr  to  form  some  idea  of  the 
geography  of  this  part  of  the  period  we  are  faced  with  the 
difEciiUy  that  we  have  little  evidence  to  guide  us  with  respect  to 
the  eastward  extension  of  the  Upper  Jurassic  series.  From  the 
fact  of  its  being  fully  developed  in  Hanover,  it  seeiasvery  probable 
that  a  communication  was  now  established  between  the  English 
and  Qerraanio  seas,  but  it  is  very  doubtful  whether  the  Scoto- 
Scandinavian  land  was  broken  throngh.  There  is,  at  any  rate,  no 
necessity  for  imagining  a  sea  between  Scotland  and  Norway  merely 
to  account  for  the  Upper  Jurassic  of  Sutherland  and  of  Franz 
Joseph  Land  in  the  Arctic  region. 

The  period  closed  with  a  general  opheaTsI  of  the  whole  region, 
the  sea  became  shallower  and  clearer,  bo  that  limestones  (Port- 
landian)  were  again  formed  in  restricted  areas.  Finally,  a  large 
part  of  the  sea-floor  was  raised  into  dry  land,  the  seas  were  con- 
tracted into  narrow  limits,  and  that  over  the  south  of  England 
was  reduced  to  an  estuarine  lagoon,  in  which  the  Purbeck  Beds  were 
deposited. 

BlFKAENOaS 

'  The  "Jurassic  Rooks  of  Brilalu,"  vol.  iii.  (IJas)  p.  11/,  by  H.  B. 
Woodward,  Uaa.  GeoL  Survey  (1883).     »"  Op.  nil.  p.  222. 

'  See  the  "  Jerassio  Rooks  of  Britain,"  vol.  I  (Yorkshire),  by  C.  Tox- 
Strangways,  Jfem.  Oeol.  Surcvg  (1882). 

'  i.  W.  Judd  on  the  "SecoDduy  Rochs  of  Scotlanil,"  Part  II.  Qaart. 
Jmmt.  QtU.  Soc  loL  miv.  p.  660  (1878). 

*  J.  W.  Jndd,  Ifnd.  Part  I.  op.  cU.  vol.  xxix.  p.  fiS  (I89B). 

"  Th»  "Jurassic  Rooks  of  Britiio,"  vol.  It.  (Lower  Oolitw),  hy  H.  B. 
Woodwatd,  Mem.  Oeol.  Swrsty  (1394). 

'  S.  S.  Bnokman  in  Quart.  Joam.  Oeel.  &>c.  vol.  ilii.  p.  485  (1883),  and 
Maiuigraph  n/  Oit  Inferior  Ooliie  AmmonUa,  Part  1.  p.  6  ((  stq.  Palteont.  Soc. 
(1886). 

T  E.  A.  Wftlford  in  Quart.  Joum.  Oeol.  Soc.  vol.  ilL  p.  38  (1886). 

'  See  "Geology  of  Rutland,"  by  J.  W.  Judd.  Man.  fJeol.  Sunwy  (1877), 
and  "Geology  of  S,-W.  Lincolnshire, "  by  A.  J.  Jukes-Browne,  Mem.  Oeol, 
Survey  (1886). 

*  Coiksult  Foi-Strangwaya  in  op.  dt.  (No.  2). 
"  S«  J.  W.  Jndd  in  op.  cU.  (No.  3). 

>■  a.  B.  WoodwaM  in  Qiuiri.  Jovnt.  Oeol.  Soc.  vol.  ilii.  p.  287  (1886), 
and  "Jurassic  Rocks  of  Britain,"  vol.  v.  p.  37,  Mem.  Oeol.  Storey  (1896). 
■^  3«e  Qmrl.  Jmmt.  Oa/l.  Soe.  voL  1.  p.  44  (1884). 
'^  In  the  "  Jurassic  Bocks  of  Britain,"  vol,  v.  p.  273. 


.V  Google 


stbatigrafhicAl  qeology 

c  Rocki  <if  Cambridge,  hj  T.  Roberta  (Camb.  Univ.  Vrtea,  1SB2) 


Additional  JUferencti 

Oppel,  Die  Jureformalion  Englanda,  Frankreichs,  etc.  (1366-5S). 

Phillipa,  GeoiwTy  of  O^ard  (Clsrendon  Press,  1871). 

Palcontograpbical  Society  Monographs  on  the  Liaesic  Ammonites  and  on 
the  Jaraudc  Echinoderms,  by  Wright  ;  on  the  Corals,  b;  Ednrds  and  Uaima ; 
and  on  the  Brachiopods,  by  Davidaon. 

R  Tate  and  J.  F.  Blake  on  the  Yorkakin  lAas  (1876). 

W.  H.  Huddleston  on  the  "Yorkahira  Oolitea,"  fn  the  Proc.  of  Ike  Geol. 
ArnK.  vols.  m.  iv.  and  T.  (1874  to  1878). 


.V  Google 


CHAPTEE  XV 

THE  CRETACEOUS  SYSTEM 

This  Byetem  takes  ite  name  from  cnla,  the  Latin  word  for  chalk, 
because  this  well-known  roct  forms  a,  conapicuous  part  of  the 
system  in  Western  Euiope.  Beneath  the  chalk,  however,  there 
is  a  variahle  series  of  marine  sands  and  clays,  and  below  these  in 
the  south  of  England  there  is  a  great  thickness  of  freBhwat«r 
deposits  which  have  long  been  known  aa  the  JVealden,  from  the 
large  area  occupied  bj  them  in  the  Weald  of  Kent  and  Sussex. 
In  the  British  area  it  is  only  in  Yorkshire  and  Lincolnshire  that 
marine  deposits  of  the  same  age  as  the  Wealden  are  found,  but 
in  other  parts  of  Europe  they  attain  a  great  thickness. 

The  system  is  divisible  into  two  great  series,  a  lower  and  an 
upper,  and  the  following  table  shows  the  subdivisions  which  have 
been  adopted  for  the  rocks  of  the  southern  counties  ;  this  nomen- 
clature, "however,  is  not  applicable  to  the  lower  series  in  Lincoln- 
shire and  Yorkshire. 


2000 


lUpper  Greensand  snd  Gsult  (Selborn 
Lower       f  I^wW  Gtsonsand  (VflCtian) 


As  the  greater  part  of  the  Lower  Cretaceous  series  in  the  south 
of  Ei^land  is  of  freshwater  origin,  and  as  the  highest  part 
of  the  Chalk  is  nowhere  visible,  it  is  desirable  that  the  student 
shotUd  be  acquainted  with  the  continental  succession,  which  presents 
a  much  more  complete  marine  series  of  Cretaceous  deposits  than 
is  found  in  Southern  England  In  the  following  table  we  give  the 
stages  now  generally  accepted  in  Western  Europe  and  their 
equivalents  in  Southern  and  Northern  England  : — 
S93 
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W«Mm  Buropo. 

Senonun 

TnronUn  (restricted) 

CenomaDuui    . 

Aptian   '. 
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Soatham  Euglind. 

Wanting 

Upper  Chftlk 

Middle  Chalk 
/Lower  Chalk 
\Bclboriiiaii 

Wealdea 


Wanting. 
Upper  Chalk. 
Middle  Chilk. 


Lower  Chalk. 

Red  Chalk. 

Upper  Si)eeton  clay. 
/Middle      and      Low* 
\     Speeton  elaj. 


The  relation  of  the  Cretaceous  etnta  to  the  underljing  fomut- 
tiona  ia  on  important  matter.  Throughoat  the  greater  part  of 
England  there  ia  a,  marked  break  and  unconformity  hetween  the 
Jnrauic  and  Cretaceous  BjBtenu,  and  even  in  Yorkahire  the 
apparent  conformity  ia  probably  deceptive,  for  there  ia  nothing 
there  which  can  safely  be  correlated  with  the  FocUaDdian,  and  it 
ia  very  doubtful  whether  there  ia  any  representative  of  the 
Furbeck  Beds.  It  ia  only  in  the  eouth  of  England,  where  the 
highest  Jurassic  beds  are  fully  developed,  that  a  complete  sequence 
of  deposits  is  found  to  fill. up  the  gap  betwesn  the  two  aystems,  bnt 
these  deposits  are  of  freshwater  origin  and  do  not  bridge  over  the 


Thia  gap  was  undoubtedly  caused  by  the  elevation  of  the  greater 
part  of  the  British  region  into  dry  land,  land  which  extended 
southward  into  France  and  eastward  through  Belgium,  and  it  was 
only  after  a  long  period  of  time,  marked  by  the  formation  of 
Bcveial  thousand  feet  of  marine  deposits  in  the  south  of  France, 
that  parts  of  this  land  were  again  submerged  and  that  marine 
deposits  were  laid  down  all  across  England.  This  change  was  the 
commencement  of  a  great  subaidence  which  eventually  carried  the 
Cretaceous  seas  over  the  greater  part  of  Europe. 

As  a  consequence  of  this  continued  subsidence  we  find  the 
higher  members  of  the  Cretaceous  system  spread  far  beyond  the 
areas  occupied  by  the  lower  beds.  Thus  along  the  south  coast  of 
England  the  Selbomian  claya  and  sands  overlap  the  Vectian  or 
Lower  Greensand,  and  overstep  the  successive  members  of  the 
Jurassic  series  to  the  westward,  passing  from  the  surface  of  the 
Lower  Oolites  on  to  the  Lias,  and  from  the  Lias  on  to  the  Trias,  till 
at  length  outliers  of  the  Upfier  Oreensand  rest  directly  on  the 
lower  port  of  the  Permian  in  Devon,  and  there  can  be  little  doubt 
that  they  passed  from  this  onto  the  surface  of  the  Carboniferous 
and  Devonian  rocks,  and  were  banked  op  against  the  grauita  of 
Dartmoor. 

A  similar  overlap  and  overatep  takes  place  in  the  Midland 
counties,  the  Lower  Cretaceous  beds  being  overlapped  by  the 
Qault,  which  passes  across  the  edges  of  the  Porbeck  and  Portland 
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BedB  till,  in  BnckiiighamBbire,  it  rests  upon  tbe  Eitneridg«  clay. 
These  facts  demoustnite  that  the  sea  of  the  Upper  Cretaceous  period 
had  a  far  wider  eztenaion  than  that  of  the  Lover  Cretaceons.  As 
this  sea  encroached  upon  the  land  vhich  lay  to  the  north  of  the 
Wealden  area  in  Lo^er  Cretaceous  times,  it  planed  off  a  conaidarahle 
thickness  of  strata,  and  the  surface  upon  which  the  Upper  Cretaceons 
rocks  now  rest  in  the  midland  and  eastern  counties  is  a  plain  of 
marine  erosion.  Borings  at  Richmond  and  at  Meui's  Brewery  in 
Tottenham  Court  Road  pass  from  Qault  and  Lowei  Qreensand  into 
Great  Oolite ;  a  boring  at  Kentish  Town  passed  from  Oanlt  inta 
red  sandstones  which  are  probably  of  Palceozoic  age,  while  borings 
in  Essex,  Herts,  and  Suffolk  came  down  upon  Palteozoic  rocks  of 
Siluiian  and  Deronian  age.  The  following  are  abstracts  of  some 
of  these  borings  : — 
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Cretaceous  rocks  underlie  the  whole  of  the  south-eastern  part 
of  England  ;  their  main  outcrops  form  a  broad  tract  which  runs 
across  the  country  from  DorBctshire  t«  the  west  of  Norfolk,  and, 
passing  below  the  Wash,  traTerse  the  eastern,  parte  of  Lincolnshire 
and  Yorkshire.  If  the  south-easterly  dip  was  maintained  without 
iateirnption,  Cretuceona  rocks  would  not  be  seen  in  the  south- 
eastern  counties  ;  bnt  this  dip  is  intermpted  by  seTeial  laige  cross- 
flexures,  the  axes  of  which  run  in  an  east  and  west  direction,  and 
by  these  fleinrea  the  Lower  Cretaceous  rocks  are  brought  to  the 
surface  over  a  lai^  area  in  the  south  of  England,  while  the 
TerUaty  rocka  are  thrown  oft  into  two  broad  troughs  or  basinB, 

There  are  four  principal  anticlinal  axes  :  one  mnning  through 
Dorset  and  the  Isle  of  Wight ;  a  second  passing  through  the  Yale 
of  Wardonr ;  a  third  traversing  the  Tale  of  Warminater,  Winchester, 
and  the  north  of  Snssex  ;  a  fourth  through  the  Vales  of  Pewsey 
and  Kingsclere.  It  is  by  the  union  of  the  third  and  fourth  of 
these  flexures  that  the  Lower  Cretaceous  rocks  have  been  brought 
up  in  the  Wealden  area  of  Kent  and  Sussex,  the  structure  of  which 
is  illustrated  on  pp.  406  and  408. 
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North  of  the  Thames  valle;  there  are  no  such  diBturbaiiceB ; 

the  easterlj  dip  U  almoBt  uninten-apted  and  the  great  eacarpmeDt 
of  the  Chalk  is  continuous  through  the  counties  of  Oxford,  Buck- 
ingham, Bedford,  Hertford,  Cambridge,  and  Norfolk,  till  it  sinkB 
beneath  the  waters  of  the  Wash.  In  Norfolk  the  strike  is  nearly 
due  north  and  south,  hut  this  is  changed  beneath  the  Wash,  and 
the  rocks  emerge  in  Lincolnshire  with  a  strike  to  N.N.W.,  ciosging 
the  Hnmber  west  of  Hull,  and  forming  the  districta  known  as  the 
Lincolnshire  and  Yorkshire  Wolds. 

In  Ireland  Upper  Cretaceous  rocks  crop  out  in  many  places 
beneath  the  Eocene  basalt  plateau  of  Antrim  and  Londonderry,  the 
whole  of  which  tbey  doubtless  underlie. 

Upper  Cretaceous  rocks  are  also  found  :n  the  west  of  Scotland, 
bnt  though  tbe  exposures  are  veiy  interesting  in  themselves,  the 
areas  occupied  by  them  are  very  small. 

Aa  the  two  great  divisions  of  the  system  differ  much  from  each 
other  in  litholc^cal  character,  and  to  some  extent  in  their  fossil 
contents,  and  aa  the  lower  series  occupies  a  much  more  limited 
area  than  the  upper,  it  will  be  convenient  to  deal  with  them 
separately ;  but  before  entering  on  the  strati  graphical  details  a 
little  space  may  he  devoted  to  a  brief  general  account  of  the  flora 
and  fauna  of  the  period  as  a  whole. 

Life  of  the  Cdbtaceods  Pkriod 
FlorfL — Comparatively  few  traces  of  the  vegetation  of  the 
period  are  found  in  the  Cretaceous  rocks  of  Britain  except  in  tbe 
Wealden  Beds,  in  which,  as  in  the  Juraesic  system,  the  pre- 
dominating groups  are  ferns  and  cycada  A  few  conifers,  horse- 
tails (Equisetaceie),  and  a  Ckara  also  occur,  but  Dicotyledons  are 
unknown,  although  a  few  examples,  the  earliest  of  their  class,  bave 
been  found  in  the  Lower  Cretaceous  rocks  of  Spain  and  of  North 
America. 

The  flora  of  the  Wealden  presents  a  considerable  resemblance 
to  that  of  the  Jurassic  strata,  but  as  the  early  Cretaceous  continent 
was  only  an  extension  of  the  Upper  Jurassic  land,  such  a  resemblance 
should  not  cause  any  surprise. 

In  the  Upper  Cretaceous  of  the  Continent  Dicotyledons  form  an 
important  part  of  the  flora,  and  include  a  number  of  genera  which 
have  living  representatives,  e.g.  Acer  (maple),  Vmnamomum  (cin- 
namon), lUx  (holly),  Querctu  (oak),  Piatanus  (plane),  Htdera  (ivy), 
Popiilui  (poplar),  Myriea  (myrtle),  with  Aralia,  Magnolia,  Euca- 
lyptus, and  the  extinct  genus  Cmhima.  Cycads  are  less  numerous 
than  before ;  subsequently  they  became  rare  in  Europe,  and  at 
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the  preseot  day  are  chieSj  found  in  the  tropical  and  aub-tropical 
parts  of  Asia,  Africa,  Aaatralia,  and  Mexico. 

Fauna. — The  general  aspect  of  the  Cretaceous  fauna  reseniblet 
thtit  of  the  preceding  Jurassic  much  more  than  tLat  of  the  succeed- 
ing Eocene.  Throughout  the  Lower  Cretaceous  seriea  many  genera 
which  were  abundant  in  Jurassic  times  are  still  common,  such  as 
CitcttUrra,  Trigonia,  Oorbu,  Gtrvillia,  Pema,  Pteten,  Lima,  PUaromya, 
and  PUurotimuiria.  The  Ammonoid  genera  OkotUphanut  and 
PeriephineUt  continue  to  be  abuodant,  and  the  BcUmnilidce  were 
nearlj  as  common,  but  many  new  genera  of  Cephalopoda  appear, 


Fiftim- 


(A).<.n«0.  CiUrah). 


some  in  the  lower  and  some  in  the  upper  division  of  the  aystem. 
The  Echiuoid  genera  HoUctypui,  NacUolitet,  and  Pygwmi  also 
survive  into  the  Lower  Cretaceous,  but  many  new  genera  make 
their  appearance  («ee  list  below). 

Passing  to  vertebrate  animals,  most  of  the  Cretaceous  fish  belong 
to  genera  which  eiieted  in  Jurassic  times,  but  Edapkodon,  Laiima, 
and  Prototphyritna  now  appear,  while  in  the  Chalk  many  Teleostean 
fish  resembling  modern  genera  are  found,  such  as  Beryx,  Corax, 
Osmeroida,  Enchodvt,  Hypiodtm,  and  PorthetiA.  Among  reptiles  the 
marine  lehthyosatirtu  and  the  Dinosaurian  genera  C^otauriu  and 
MegaloiauTW  snrvive  from  Jurassic  time,  but  the  Plesiosaura  are 
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repreeented  bj  Oimoliotaunu  and  Pdypiychodon.  Freeh  Dinoaaura 
make  their  Appear&nce,  t.g.  Iguanodim,  Hyprilopkodoti,  Hylaoiawut, 
end  Veetitaiirus  in  the  Lower  Cretaceous,  with  Aaudiiopholu, 
Anoploiaitrut,  and  others  in  the  Upper  CretaceooB.  In  the 
sea  were  large  lizard-like  reptiles  (Oontoiaunu,  Moauawta,  anil 
.DoUdioiaurui),  and  in  the  air  the  FteroBauria  were  represented  hj 
species  of  Pteranodon  and  Omithochetrua. 

Remains  of  birds  also  occur  in  the  Upper  Cretaceons  seriee, 
but  only  one  genus  has  been  found  in  Britain,  the  EnaUttntit  of 
the  Cambridge  Oreenaand.  In  America  remains  are  more  plentifnl, 
iind  three  remarkabla  genera  baye  been  described — Hegperornis, 
Ichthyomit,  and  Apaiornii.  ffetperomit  was  a  large  bird  about  six 
feet  in  length,  and  possessing  many  reptilian  characters,  sc  that  it 
forms  a  link  between  the  JuraBsic  Ardtaopttryx  and  more  highly- 
developed  birds ;  its  jaws  were  furnished  with  teeth  planted  in  a 
long  iJveolar  groove,  its  wings  rudimentary,  and  its  hind  limbs 
'Strong,  BO  that  it  was  a  wader  and  lived  chiefly  on  flsfa.  IdUliyomU 
and  Apatomit  were  much  smaller  birds  with  well-developed  wings, 
but  both  had  reptilian  sk-ulls  with  teeth  set  in  sockets,  and  their 
vertebne  were  biconcave  like  those  of  Fish,  Amphibians,  and 
IdUhyoiavi^u. 

Uanunalia  also  existed,  though  remains  of  them  are  very  rare, 
and  none  have  been  found  in  England  i  they  consist  of  teeth  of 
small  Prototheria  (Ormolomyi  and  Sdtnacodon)  related  to  the  Jurassic 
Plagiavlax,  and  some  bones  of  true  Marsupials  referred  to  the 
genera  Didttphopt,  dmoUitei,  and  TeUtcodon, 

The  following  are  some  of  the  more  important  marine  genera 
which  first  appear  in  the  Lower  Cretaceous  series : — 

Forifera.        Catagma,  Cheuendopora,  OcuIosi>oDgia,  Plocoscyphia,  Haphi- 

donems,  Soyphia,  Tramitocystia. 
Actinoxoa.       Brubjcyathus,  Holooystis,  Leptophyllio,  TrocboamilJa. 
Ediin'xUrmti.  Cardiaster,  Catopygas,  Discoidea,  Toxaster  (^^Ecbinospata- 

gus),  Enalluter,  Pel  tastes,  Goniopygus,  Salenis. 
Gnatacea.       Hoplo)iana,  Meyerio,  MJthracitea. 
Braehiopoda.  Eingeoa. 
LaJmlMbnaUhia.  Arcs,  CrBssatella,  Pectunculus,  Mouopleura,  Requieuia, 

Toucasia,  Sphtemlites,  Thatis,  Venus. 
Oadropoda.     Aporrhais  (Oniithopus,  Dimarphosoms),  Avellaiia,  Eulima, 

Seal  aria,  Pleurotoma. 
Cephalopoda.  Acanthoceras,  Dssmoceras,  Hoplites,  Crioceraa,  Anisoceraii, 

MucrOBCaphitea,  Hamulina,  Actinocaniai. 

The  following  are  some  of  the  more  important  genera  which 
make  their  appearance  in  Upper  Cretaceous  time  ;— 
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ttnion,  PliuthoMllft,   PbareCroapougiB,  S 

noma,  Ventricalites,  Verruouliua. 

Actinmoa.       AxogasUr,  Cirjophyllia,  Ctplosmilia,  Cyclcwyatlnw,  Miera- 

l»ci&.   Onchotnicbus,    Porasiiiilia,    PUcoamilia,    Troche - 

EchinadenrM.  CBTHtonius,  Cyphosama,  Cottaldia,  Q&leritea  (  =  £chino- 
conus),  EchinocorjB,  Epiaster,  Uemiaatar,  Holaster, 
Infulaater,  Micraator,  Bourgiieticrinua,  Marsupitos. 

CnuUuita.  Callisnasea,  Etyiia,  Eucorystes,  Neertwarcinns,  Palffiocorystes, 
Paleef^a,  Enoploclytia. 

KroAi/ipoda-  Magaa,  Terebrirostra,  TrigoDosamus. 

LamUtUrranchia.  Chama,  Hippnritea,  Radio1it«s. 


1.  OnjrcbJoiHls  BIuiUlll. 


B.  Unlo  vatdeni 


OattTOpoda.     Actteonella,   Bucciiium,  CaiialuB,  Caasidaria,  ColumbellinH, 

Crepidula,  Helii,  Fuaus,  Voluta. 
CeiAalapada.  Buchiceras,  Baculites.  Heterocaraa,  MammiCe^,  PachjdiscDa, 

Placenticena,    Prioiiouycliu,     Schlnnbachia,    3caphit«it, 

Turrilites,  Belemnitella. 
Pitca.  BeiTi,  Corax,  Hacropoma,  Oameroides,  Plethodua  Portheus, 

FtychoilDs. 

A.   LOWER  CRETACEOUS  SERIES 
Characteristic  Foebilb 
The  following  are  some  of  tbe  speciea  which  charocteriae  the 
several    stages   of    the    Lower  Cretaceous   series.     The   Wealden 
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species  are  of  course  English,  but  under  the  heoda  of  Neocomian 
and  Wealden  the  Bpeciea  chaiacteiiatic  of  these  stagea  in  Fr&nct; 
and  Switzerland  are  given  together  with  Bome  which  occur  in  beds 
of  the  same  age  in  Yorkshire ;  those  found  in  Yorkshire  are  indicated 
by  an  astemk.  The  Vectian  species  are  English,  though  many 
of  tbem  occur  alao  in  the  Aptian  of  Prance. 

"i  >> 


FoasiUo/the  ffcaldeii  Btds 

FlaiUtr.  CImra  Kiion'Uoni,  Equisetites  Ljelli.     Filica:  Ouychiopsin 

Mantelli,  Matonidium  GrEpperti,  Cladophlobis  Albertai, 
Sp]i«HO])teris  Fittoui,  Temiakys  Schiraperi,  Waichselia 
Mantelli.  Cycadacca;:  Cycadites  Bcemeri,  Dioinites  Diiu- 
kerianus,  Nifssonia  Scbaumbergcnsia,  Otozamit«s  Elipn- 
teini,  Zaniites  Buubiauua,  Anomozamitea  Lyclliauua 
C'oiii/tra: :  Pinites  Dunkeri,  Sphoiiolapidiura  Kmriaauni. 

CriiMa£ca.       Cypridea  valdenais,  Cjthere  Fittoni,  Estheria  clliptica. 

tlaslropala.     ViviparUB  fluviorora,  V.  cariuifera. 

LamctlUmttichiata.  Cyreiia  media,  C.  elongaU,  Uuin  \'a1deiisis,  V.  coiii- 
prussus,  U.  aduocua. 

/'uA.  Le[>idatus  Fittoni.  Hybodus  dubius. 

Replilia.  Igiianodon  Mantvlli,  Hypailaphodon  Foxi.  Cetcosaaiua  brevia, 
HylffosBuma  Oweui,  Megaloiaurus  Bucklandi,  Goniopholis 
eiBSsidens,  Chelone  Mantelli. 
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limilt  qfPu  VaUnffiniasi  {and  tone  o/Bel.  laUralia) 
BAinod^rma.  Toxsster  Campichei,  Pjgunia  roBtratua. 
LameUH^anchiii.  'Exo^rnt    sinuftta,    var.    Couloni,    'Aatorto    seuecto, 

*Trigonia  ingeuB. 
Qai^nrpoda.     Nerinau  Harcouanns,  N.  Meriani,  SCrombns  Sautieri. 
Cepkaiopoda.  Olcoatophanua  plicomphalua,  HaplitM  radiatUB,  H.  neoco- 

miensia,  *H.  regalia,  *H.  smblygODius,  BeleoiDiteB  dilata- 

tiia,  *B.  laUralu,  *R  russiensia. 

"i 


i.  Terebnituli  mIIb 


Pomila  of  Ihe  HauUriviait 
Eckiiioderma.  •ToiaaWr  ooni|)lauatuB,  Holectyims  macropygoii.    _ 
LaiMliibraiixhia.  'Exogyra  Couloni,  Neithea  atova,  Astarto  numismalia. 
CepJialopada.  Hoplites  radiatus,   *H.   repilis,   H.   leopoldinus,   •Olcostc- 
phanus  astieri,   •0.  rotuia,   'Criooeras  Duvali,  Nautiliis 
pseudelcgana,  Actinocamai  jarulum,  Bel.  dilatatus. 

Fotsila  of  Ihr  Bammian,  {and  lone  of  Ant.' speeConaitis) 
Eddaoderma.  Hetetaaler  Couloni,  H.  oblonguB,  Gouiopjgua  iieltatus. 
CnuUuxa.       •Meyoria  oniata. 
Brachiapoda.  Rhynchonella  lata,  *R.  aulcata. 
Lameltibraarhui.  "Exogyra  sinuaW  (type).    •Peoten   cinctus,     laocardia 

aogolata,  Requienia  ammonia,  Toucasia  oarinata. 
G<MTopocla.    Pterocera    (Harpagodea)    iwlagi,    'Trochua    iiulchemmiu, 

•Aporrhaia  I'litllipai. 
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Cephalopoda.  AomthocerM  Coranelianiim,  'OlcoatepbMiuS'  D»ch«ni, 
'Hoplites  rwalis,  *H.  ipeetonensis,  Crioceraa  Etaerici, 
Ancylocenks  Hatheroni,  'AotiDocainai  jiculum. 

FomUt  of  the  Veetian  and  Aplian 
EchiiuxUnna.  Enollaster  Fittoni,  Feltaat«s  Wiighti. 
Cnutacea.       MByerin  vectensia. 
Bradiiopoda.  TerebratuU  sella,   T.   depresaa,   Terebratalta   oblon^^a,   T. 

Fittoni,  Waldheimia  tamarindua.  BhTnchonalla  latiaaima. 
Lamtllibraruhia.  Exogyra  sinuata,  Perna  MiiUeti,  Corbia  corrafnta,  Area 

aptUQiia,  GervUlia  aacepa,  Tri|;onU.  caudata,  T.  uodoM, 

T.  omata,  Plicatnla  plscunea,  Tenus  parra,  V.  striato- 

costata,  Thetis  minoT. 
Gastropoda.     Aporrhaia  robingldina,  A.  Fittoni, 
Cephalopoda.  Hoplitea   furcatus,   H.    Deshayesi,   Acanthocerai    Uartini, 


STBAnORAFHT 

Franoe  and  Switzerland 

The  marine  faciea  of  the  Lower  Cretaceous  series  is  most  fully 
developed  in  ibe  south  of  Europe,  and  the  nomenclature  of  its  divi- 
sions is  tEiken  from  places  in  the  south  of  France  and  in  Switzer- 
land. The  lower  portion  of  the  seiiee  is  often  called  the  Neotiyiataii, 
from  Neuchfitel  in  Switzerland,  where  the  beds  were  first  studied 
and  described,  but  this  Neocomian  has  since  been  subdivided  into 
two  parte,  the  Fainuftnian  and  the  Hauierivian,  which  seem  to  have 
the  value  of  separate  stages.  The  next  stage  is  the  Barremian,  from 
Barr€me  in  the  Baeees-Alpes,  and  the  highest  stage  is  called  the 
A^ian,  from  Apt  in  Vaucluse. 

The  following  is  the  succession  to  be  found  near  Neuchitel, 
where  the  lower  (or  Neocomian)  ata^^  are  typically  developed  : — 

F«et. 

A^Um.  Yellow  and  blue  marls  with  Heteraater  oblortgtii,  Apor- 

rhait  Tobinaldina,  and   Trigonia  eaudala,  and  a  red 

limestone  with  HfUraeter  obUmgiu  at  bass       .         .       SO 

Barremum.     Light  gray  and  white  limeBtonea  with  Stquienia  am- 

mania  and  BadioiiUs  neoeomientie,  but  few  other 

rossila 100 

Hauteriviaa.  Blue  and  gmy  marls,  rich  in  fossils,  BelemnUes  dila- 
ialas,  Hoplitea  radialia,  Olcotiephamu  astierianut, 
Taraster  complanalaa,  Exoffyra  CouUmi,  etc  .  almnt  300 
Valengiaian.  This  comprises  red  ferru^rltioUB  limestone  with  Bel. 
dilaialiie,  Pj/ffurue  Toitraliia,  compact  white  lime- 
stone with  iicrinma  and  Strambus  SatUUri,  and 
oolitic  limestones  and  mails  with  TmcaiteT  Cont- 
pichei  at  the  base from  160  to  400 
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Tbe  Borremian  ie  thin  near  Neuch&tel,  but  swells  out  to  a  thick- 
neae  of  about  1600  feet  near  Oraod  Chartreuse  in  Danpbine,  and 
is  from  600  to  2000  feet  in  Mont  Yentoux  and  the  Montagne  do 
Lure  near  Bairenie,  There  too  it  ia  more  foasiliferoiif^  yielding 
Am.  (Damoctrtu)  difficile,  Orwetroi  jEmertci,  Macroteaphita  Yvani, 
and  Orbitoliie*  lenticydarit. 

The  ApUan,  again,  ban  a  much  greater  development  in  the  south 
of  France  near  Apt,  Bedoule,  and  Marseilles,  where  it  is  from  300 
to  600  feet  thick,  and  ie  diineible  into  two  zones,  the  lower  containing 
Soptites  Deshayaii,  H.  fisticostntKt,  and  Ancyloeerfu  Maiheronianum, 
the  upper  Hapliits  furcaliu,  AcatUhocerat  comjulianam,  and  Aetiiui- 
camax  bmnivicennii. 

The  Neocomian  sea  entered  the  Forisiaii  basin  through  a  strait 
which  is  now  the  district  of  Cote  d'Or,  but  it  is  doubtful  whether 
any  Valenginian  deposits  eiist  in  the  Paris  baain,  for  its  character- 
istic fossils  have  not  been  found.  In  Northern  France  the  snccession 
in  Haute  Mame  is  the  moat  complete,  and  is  as  follotva  :— 

F«t. 
Aptian.           Yellnw  sanils  with  Eropjra  Hnuala  (0.  aquiin)  over- 
lying clays  with  Plieatula  platunea,  Hoplite*  De- 
shayaii  anil  Afanihoeerat  comueliaiium  .        .     about  90 
Sarremian.     Variogated  Mndfl  and  clays,  soma  marine  with  Oitrea 
Leymirii,  some  freshwator  with  Unio.  Ci/elai,  and 
i'ivipanui.     At  tlie  top   is   a  hard   ral  clay  with 
HeUnater  oblo-nipa,  Otrvillia  liiigvtoidea,  etc.  .      about  80 
Maiiterivia'tt.  Marls  sod  ferruf;iiiouB  snnds  with  tlie  Spa^ngiis  lime- 
atone,    HopliUa    radUilus,    XaiUilai   pieude/egant, 
PterOccra3{Marpagoda)pelagi,  Toiatter  compla-ntUta, 
etc about  130 

It  will  be  noticed  that  the  whole  series  is  thin  and  sandy,  indi- 
cating shallow  water  conditions,  and  that  the  Barremian  includes 
freshwater  beds  which  are  about  20  feet  thick  and  resemble  the 
"Wealden  sands  of  England. 

When  the  fossils  of  the  stages  above  described  are  compared 
with  those  of  the  English  deposits  it  will  be  found  that  our  Vectian 
or  Lower  Greenaand  corresponds  with  the  Frencli  Aptian,  for  the 
Ammonites  of  the  Athertield  clay  are  Hoplilei  furcatii*  and  H. 
Deikaytn,  the  two  characteristic  Aptian  species  of  Southern  France. 
It  follows  that  our  Wealden  beds  are  the  freshwal .  r  n-iresentatives 
of  the  French  Barremian  and  Hauterivian. 

Hanover 
A  very  different  facies  occurs  in  Hanover,  where  it  consists 
almost  entirely  of  clays,  and  shows  the  following  succession  : — 
Aplian,  Clsys  and  marls  with  AcaMhoceTna  tfarlini,  AdiRoeamax 

bnimiMeiaii,  ileytria  omiUa,  etc. 
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Sarremian.    CIsjb  with  Olcaatephanv^  Dedieni  and  Crimerai  Emtrici. 
Haiuterivian.  Not  recoenisabls.  s 

VaZcrtginian.  CWb  vitn  BoplHei  radiatai,  H.  Tcgalit,      ^ 

H.  aatierian'm,  and   a   jBibbly  sand-      g     L; 

atone  mth  Bdemniiei  latenUit.  o    [} 


BritiBh  Equivalents 

In  England  atrats  of  Lower  Cretaceous  &ge 
come  to  the  surface  in  four  diatricts — (1)  the 
Wealden  area,  (2)  Dorset  and  the  Isle  of  Wight,  ^  ,  ; 

(3)    a    narrow    outcrop   through    Wilts,  Berks,  f  || 

Oxford,  Bucks,  Beds,  and  Cambridge,  (4)  Lin-  ■     «         -gg 

colnahire   and    Yorkshire.      The    two    southern 
dietricta   may   be   described    together,    as    they  .         q    =  - 

oihibit  a  similar  succession  of  deposits,  and  are  [^       g    r-^ 

undoubtedly  connected   beneath   the   Chalk   of  ^:       |    ^| 

Hampehire  (see  tabic  on  p.  394). 


1.  Southern  Artas 

The  Weald  is  an  oval-shaped  area  occupying 
portions  of  Kent,  Surrey,  Hants,  and  Sussex  (see 
map,  Fig.  134) ;  on  the  north-weet  and  south  it  is 
bounded  by  the  escarpment  of  the  Chalk,  but 
eastward  it  opens  on  to  the  English  Channel 
between  Eaatboume  and  Folkestone.  The 
district  known  as  the  Baa  Boulonnais  in  France 
is  the  eastern  prolongation  and  termination  of 
the  Wealden  area,  and  the  English  and  French 
districts  are  undoubtedly  continuous  beneath 
the  waves  of  the  English  ChanneL  The 
structure  of  this  area  is  generally  described  as 
that  of  an  anticlinal  ridge,  hut  in  reality  it 
more  resembles  that  of  an  oval  dome  or  inverted 
boat 

Fig.  133  is  a  diagrammatic  section  across  the 
Weald  from  north  to  south,  showing  its  general 
structure,  and  regarding  only  the  Cretaceous 
rocks ;  Fig.  1 36  is  a  more  complete  and  accurate  §  I 
section  taken  along  a  line  drawn  from  Beachy 
Head  to  Chatham.  The  absence  of  the  Lower 
Cretaceous  below  Chatham  has  been  proved  by  m  '° 
boring  there,  which  entered  the  Oxford  clay  directly 
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Yectian  sands,  and  thu  part  of  the  section  is  reduced  from  tliat 
drawn  by  Mr,  W.  Whitaker. 

In  the  Isle  of  Wight,  and  again  in  South  Dorset,  from  SwanE^ 
to  Ridgeway  near  Weymouth,  the  Lower  Cretaceous  series  ia 
brought  to  the  sarface  by  a  sharp  anticlinal  curvature. 

The  following  is  a  tabular  view  of  the  subdivisions  which  have 
been  made  in  the  series  as  developed  in  these  two  districts ; — 

WmW.  Iile  of  Wight  '"'fml™" 

f  Folkestone  beds /Carstone  "y  —  .      — 

Sandgata  beds     1  Sandrock  seriss  / 
HTt7eb«d.       .Ferruginous  sands 
Atherfield  clay       Atherfield  ola;     . 
w„.i-q™   /Weald  clay       .     Weald  clay  . 
Wealden  (Hastings  Lads     Not  seen  ^         . 

Weaiden  Beds. — In  the  Wealden  area  the  Wealden  beds 
are  divisible  as  follows,  all  the  divisions  being  thickest  in  the 
western  and  thinnest  in  the  eastern  part  of  the  area :~  * 


lay.         .         .         . 

(TuDbridge  sand  . 
'-]  Wadhoratclay    . 

(Ashdownsand    . 


Weald  day. 
Hastings  f 

600  to    400 
1940  to  1000 


The  Aehdown  sand  consists  of  soft  buff  or  white  sand  and 
sandstone,  which  are  400  feet  thick  in  Ashdown  Forest,  and  form 
the  high  ground  of  Crowborough  Beacon  (800  feet  high).  Neap 
Hastings  and  Fairlight  the  lower  part  of  this  sand  ia  replaced  by 
clays  with  intetbedded  sandstones  (360  feet  thick),  which  are  sur- 
mounted by  IGO  feet  of  sand  and  sandstone.  A  few  plant-remains 
are  the  only  fossils. 

The  Wadhnnt  clay,  though  never  more  than  160  feet  thick,  is 
palraontologically  important,  as  it  ia  rich  in  fossils,  and  contains 
a  bone  bed  near  Battle,  from  which  many  reptilian  bones  and 
teeth  have  been  obtuned.     It  consists  of  claya  and  Bhales,'with 

'  It  is  high  tims  that  the  Dsmes  Upper  and  Lower  GreeUBaud  wars 
abandoned,  for  they  were  jiroposed  by  Webster  st  a  time  (1824)  when  the 
beds  between  the  Cbalk  snd  tbe  Wealden  were  regaided  as  the  "Greensaod 
Fonuation."  Thus  tbey  only  perpetuate  erroneoua  views  of  clasalfication, 
and  are,  moreover,  cumbrous  aQd  misleading,  for  the  "  Lower  Greensond  "  is 
more  often  yellow  or  brown  than  green.  Hence  it  Is  desirable  tbst  the  name 
Fsctian  (altered  from  the  Vtclint  of  Fitton)  should  be  adopted  iuatead  of 
Lower  Oreensand,  while  the  "Upper  Qreenaand"  falls  into  the  group  of 
beds  for  which  the  name  SeUxrmian  haa  recently  been  pr ' 
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bands  of  irregaUr  layers  of  hard  ctJcareoua  sandstoDe  (TUgate 
stone).  The  fossils  are  Viviparut  ftumorwn,  Oyrttut  media,  Lepi- 
dotus  ManUUi,  Hybodv*  bataniu,  Goniopk/ilu  cratgident,  Iguanoden, 
and  Mtgaloiaiina. 

The  Tunbridge  Wells  sands  are  lithologicallj  similar  to  the 
Ashdown  sands.  Near  Eastings  theic  thickness  is  onlj  150  feet, 
but  it  increases  steadily  toward  the  west,  a  set  of  mottled  elays 
and  shales  coming  in  at  the  Hune  time  in  the  middle  of  the  sands, 
aad  becoming  of  sufficient  importance  to  deserve  a  separata  name, 
the  Orinstead  Clay.  In  the  upper  sands  of  the  Cuckfield  district, 
which  is  often  called  the  Tilgate  Forest,  there  are  laige  concretionary 
masses  of  calcareous  grit  or  soadstone,  such  as  were  termed  Tilgate 
stone  by  Dr.  Mantell.  It  was  in  these  masses  that  the  remains  of 
Iguanedon  and  HyUeoiaurua  were  first  discovered  by  Dr.  Mantell, 
and  the  specimens  which  he  figured  and  described  are  now  in 
the  South  Kensington  Museum. 

The  upper  member  of  the  Wealden  group  consists  mainly  of 
brown  and  blue  days,  with  layers  of  shelly  limestone  and  occa- 
sional beds  of  sand  and  calcareous  sandstone.  The  Umestones  are 
IcnowQ  as  Sussex  marbles^  and  ore  composed  almost  entirely  of 
VivipaTiu  shells,  those  in  the  lower  part  of  the  clay  consisting 
chiefly  of  V.  ntuxauit,  while  the  most  constant  .band  (the  Pet- 
worth  and  Bithersden  marbles)  consists  of  V.  fiuviorum.  The 
minute  ft^shwat«r  Crustaceans  {CYpridetC}  are  also  very  abundant 
in  some  places,  the  surfaces  of  the  more  shaly  beds  being  crowded 
with  them.  Shells  of  Unio  and  Oyrena  also  occur.  At  Hasle- 
mere  the  highest  beds,  just  below  the  Ather6eld  Clay,  contain 
Corhala  and  Mylilvi,  as  well  as  OyretM  and  Melanopiit,  indicating 
the  change  from  freshwater  to  marine  conditions.  The  Weald 
clay  neat  Horsham  was  estimated  by  Toptey  to  be  from  900 
to  1000  feet  thick,  but  it  diminishes  eastward  to  about  600  feet 
at  Tonbridge,  and  near  Hythe  it  may  not  be  more  than  350  feet, 
and  in  the  boring  recently  completed  at  Dover  it  was  entirely 
absent 

In  the  Isle  of  Wight  *  Wealden  beds  are  exposed  both  on  the 
eastern  and  western  sides  (see  map.  Fig.  1 34).  The  equivalent  of 
the  Hastings  sands  is  not  visible  ;  the  lowest  beds  seen  are 
those  at  Brook  Point  in  Compton  Bay,  and  consist  of  a  pale  sand- 
stone overlain  by  red  and  green  marls  in  which  the  broken  trunks 
of  pine-trees  are  bo  numerous  that  it  would  seem  as  if  a  raft  ot 
waterlogged  trees  had  here  sunk  to  the  bottom,  a  freqnent  occur- 
rence  in  the  deltas  of  lai^  rivers  like  the  Missigsippi  ;  the  spot  is 
known  to  local  geologists  as  the  "  pine-raft"  The  higher  beds, 
consisting  of  variegated  marls  or  ^ys  with  thin  beds  of  sand- 
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stone,  can  be  hmh  bj  walking  along  the  coast  to  the  eonthwaid  ; 
they  have  yielded  bones  and  footprinte  of  Igvanodon,  Hyptilophodtm, 
and  other  reptiles,  with  Unio  valderuu,  but  other  fossils  are  rare 
in  this  lower  division,  wbicli  has  a  thickoem  of  about  700  feeL 

The  higher  beds  are  well  exposed  between  Cowleazc  Chine  and 
Atherfield  Point ;  they  consist  almost  entirely  of  gray  shalea  with 
some  beds  of  aaadatone,  ironstone,  and  limestone.  These  beds  are 
much  more  fosGiliferoua,  containing  species  of  Mela,  Cyprit,  Oypridea, 
and  Candima,  with  Oyrena,  Viviparut,  and  Vicarya  (a  subgenus  of 
PotaiMdee).  Small  oyatere  also  occur  near  the  top.  This  series  of 
beds  is  about  200  feet  thick,  and  is  directly  overlain  by  the 
"  Pema  bed  "  mentioned  below. 

The  whole  of  the  Wealden  comes  to  the  sar&ce  near  Swanage 
in  Dorset,  and  extends  thence  along  a  broad  valley  to  Worbarrow 
Bay  on  the  other  side  of  the  Isle  of  Furbeck.  At  Swanage  the 
estimated  thLckness  of  the  formation  is  about  S300  feet,*  but  the 
junction  with  the  Purbeck  is  not  exposed.  The  lower  beds  consist 
of  variously  coloured  sands  and  clays — red,  yellow,  gray,  and 
white.  The  succeeding  beds  are  red,  purple,  and  white  claya  with 
beds  of  sand,  and  they  contain  layers  of  lignite  and,  in  one  place, 
the  broken  trunks  of  treee.  At  the  top  are  shales  like  those  of 
the  Isle  of  Wight,  but  only  34  feet  thick. 

The  greater  part  of  the  Wealden  ie  exposed  in  tha  cliffs  of 
Worbarrow  Bay,  but  here  its  total  thickness  is  reduced  to  about 
1200  feel,  and  it  conaista  entirely  of  alternating  sands  and  clays 
with  much  lignite.  The  formation  continues  to  diminish  west- 
ward, and  where  last  seen  at  Ridgway  the  thickness  exposed  is 
only  350  feet,  but  this  may  not  be  the  full  amount. 

Wealden  clays  are  found  over  a  BmaU  space  in  the  Vale  of 
Wardour,  but  cannot  there  be  much  more  tiian  100  feet  thick. 
Probably  tbey  do  not  extend  much  farther  northward,  but  ibeir 
termination  is  concealed  by  the  overlap  of  the  Upper  Cretaceous 

Teotiao. — In  the  Wealden  district  the  lithological  characters 
of  the  beds  composing  this  stage  are  very  variable,  but  four  aub- 
divisions  are  generally  rect^^sed  (see  p.  407  and  Figs.  136,  137). 
Along  the  north  side  of  the  Weald  the  tbicknesa  of  the  Vectian 
varies  from  about  600  feet  in  Surrey  to  240  near  Sandgate,  and 
about  the  same  in  the  boring  at  Dover. 

The  Athtrfitld  Btd»  are  exposed  on  the  Kentish  coast  between 
Sandgate  and  Uythe,  and  are  traceable  thence  all  round  the  area 
occupied  by  the  Weald  clay,  except  between  Lewes  and  Eastbourne. 
In  Surrey  they  are  traversed  by  the  railway  cuttings  at  Sevenoaks 
and  Red  Hill,  Panopma  plicala,  Exagyra  nnuata,  Ptrna  MulUti,  and 
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Trigonia  dadalm  being  common  foBsilB  ;  along  this  line  their  thick- 
Desg  TsrieB  from  30  to  SO  feet.  At  HoBelmere  it  is  60  feet,  and  tlieir 
jnnction  with  the  Wealden  was  observed  by  Mr.  Salter,  who  eaya 
"  the  change  from  dark  grayish  blue  clay  (Wealden)  to  the  purely 
marine  deposit  of  brown  clay  wm  marked  no  less  by  the  fossils  than 
by  the  change  in  the  colour  of  the  bed."  Within  a  few  inches 
of  the  Wealden  clay  he  found  PUuro-mya  ptieala  abundantly 
embedded  in  the  vertical  position  which  such  molluscs  occupy 
when  alive.  This  shows  how  quiet  and  gentle  was  the  change  from 
estuarine  to  marine  conditions  of  deposiL 

Hythe  Bedi. — In  Kent,  between  Hythe  and  Sevenoaks,  these 
beds  consist  of  greenish  yellow  sand,  often  marly  or  argillaceons, 
and  hard  bluish  gray  calcareous  sandstone,  the  soft  beds  being 
locally  known  aa  hassock,  and  the  hard  beds  as  rag ;  the  latter 
are  quarried  for  lime-buriiing  and  building  purposes,  and  when 
exported  are  known  as  Kenti^  rag.  The  beds  of  t^  and  hassock 
alternate  in  regular  layers,  and  these  alternations  are  sometimes  so 
frequent  that  no  fewer  than  28  such  layers,  or  courses,  have  been 
counted  in  a  vertical  depth  of  30  feet  From  Hythe  to  Maidstone 
the  thickness  of  these  beds  is  only  from  70  to  80  feet,  but  they 
increase  rapidly  westward,  and  are  160  feet  at  Sevenoaks,  and  still 
thicker  in  Surrey. 

This  increase  of  thickness  is  mainly  due  to  the  incoming  of  an 
upper  set  of  sands  with  frequent  layers  of  brown  chert.  These 
upper  beds  attain  their  mozimnm  thickness  about  Reigate, 
Dorking,  and  Leith  Hill,  where  the  lower  group  of  soft  ferruginous 
sand  is  from  100  to  130  feet,  and  the  cherty  beds  are  also  in  places 
over  100  feet  thick.  The  Hythe  Beds  maintain  this  fades  all  round 
the  western  end  of  the  Wealden  area,  but  thin  rapidly  eastward 
again  as  they  are  traced  along  the  southern  border,  disappearing 
entirely  near  Lewes. 

The  chief  fossils  of  the  Hythe  Beds  are  Terebratula  teOa, 
Eaigyra  nnuata,  Trigonia  ipinota,  Tr.  oriiatn,  A  etinoatmax  brunt- 
vicetuit,  NautiUts  paeiideUgam,  Ancylocerat  Bowerbatiki,  Maero- 
icaphiteg  gigas,  Ammoniteg  DeiAayea,  Am.  Hamhrovi,  and  CTOtioUlia 
robinaldina. 

Sandgaie  Bedt. — These  are  a  variable  set  of  beds,  but  are 
generally  more  or  less  alliaceous.  At  and  near  Sandgate  they 
consist  of  dark  green  clayey  sand  full  of  glauconite  grains,  and 
about  70  feet  thick.  Fossils  are  not  numerous,  but  at  the  base, 
resting  on  the  Hythe  Beds,  there  is  frequently  a  layer  of  pebbles 
and  phosphate  nodules,  with  brachiopoda  and  other  fossils  in  the 
state  of  casts. 

In  Surrey  this  division  is  represented  by  the  Nutfield  and 
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BargMe  beds,  which  at  Natfield  present  the  following  Bucceasion  in 
descending  order  ;  * — 

FUBt. 

Sort  wndatone  and  cak>r«aiu  greenMud  25 

FuIWb  earth,  a  tine  siltj  cU;      ....  20 

Suid  with  chert  beds            8 

3»Dda  with  pebbles up  to  16 

Between  Beigate  and  Oodalming  the  Bargate  beds  consist  of 
sonda  and  hard  calcareouB  grits  (Bargat«  atone),  with  some  thin 
lajers  of  fuller's  earth  and  coarse  pebblj  beds  at  the  base,  con- 
taiuing  pboaphatii  nodules  and  manj  fossils  -,  the  whole  thickness 
is  about  90  feet.  Avievia  pectinata  is  a  characteristic  fossil  of  the 
Bargate  stone ;  Terebratula  oblonga,  T.  dtpreaa,  Waldheimia 
lamarindut,  Ter^rattlla  Fittoni,  T.  trifida,  and  T.  Menardi  are  soma 
of  the  fossils  occurring  in  the  pebble  beds,  and  with  them  are  many 
fossils  derired  from  the  Oxford  Claj,  which  must  at  that  time  have 
formed  part  of  the  shore-line  north  of  Qodalming. 

In  Hants  and  West  Sussex  the  Sandgate  beds  reappear  in  a 
mon  normal  form,  consisting  of  shaly  clay  at  the  top,  with  sand 
and  sandy  clay  below. 

Folkeatnm  Brda. — At  Folkestone  these  consist  of  light  green 
and  gray  sand  with  beds  of  hard  stone,  partly  siliceous  and  partly 
calcareous  in  composition,  which  have  been  described  by  Dr.  Q.  J. 
Uinde  as  veritable  sponge-banks,  the  sponges  being  of  the  Hex- 
actinellid  order,  and  their  line  needle-like  spicules  are  clearly  visible 
on  weathered  portions  of  the  rock.  The  total  thickness  is  about  80 
feet.  Fossils  are  not  abundant  in  these  beds,  but  they  have  yielded 
Avicula  pectinata,  Exogtfra  tinjiata,  Peettn  {Ngithea)  alaia,  Neithea 
Monin,  Ostreafroiu,  and  h^aldheimia  pseudqjureniii. 

For  a  few  miles  inland  the  composition  of  the  Folkestone  beds 
is  much  the  same,  but  west  of  Saltwood  they  begin  to  change  their 
character,  the  cherly  sponge-beds  disappear,  and  the  sands  are 
chieSy  white,  yellow,  and  brown,  current-bedded,  and  iuclading 
irregular  layers  of  ironstone.  This  faciea  they  preserve  with  little 
change  all  round  the  Wealden  area,  and  consequently  the  name  of 
Folkestone  beds  is  not  a  very  happy  one.  In  Susses  they  include 
thin  bands  of  hard,  ferruginous  grit,  which  is  locally  known  as  car- 
tlone.  In  Surrey  and  HanU  they  are  from  130  to  160  feet  thick, 
but  like  all  other  members  of  the  Tectian,  they  thin  eastward 
through  Sussex,  till  near  Eastbourne  the  whole  stage  appears  to  be 
absent,  and  the  Oault  rests  directly  on  the  Weald  day. 

In  the  Isle  of  Wight  the  Vectian  also  varies  much  in  tbicknete, 
being  over  800  feet  at  AtherSeld,  and  only  half  this  thickness  in 
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Gompton  Bay.      The  following  sabdinnons  are  recognUed  hy  Mr. 
Strahan : — 

Put. 

4.  Carstona 8  to    72 

3.  Sand-group  rewk ' 81  to  184 

2,  FerruginouB  aaaia 251  to  G20 

1.  Atherfield  clay SO  to    85 

The  AthtrJUld  Clay  has  at  ita  base  two  beda  which  are  together 
known  OS  "  Pema  bed,"  because  Ptma  MiUUti  is  common  in  them 
and  does  not  occur  above.  The  lower  bed  consiate  of  aandj  claj, 
Mrith  a  thin  hasal  Beaui  a(  coarse  grit  containinf;  rolled  fragments  of 
fossils  and  many  broken  bones  and  teeth  of  fish  ;  thii  clay  is  2J 
feet  thick,  and  is  succeeded  by  a  bed  of  brown  calcareous  sandBtODe 
also  S^  feet  Both  layers  contain  many  fosails.  The  rest  of  the 
sabdivisioD  consists  of  pale  blue  clay  with  many  flat  calcareoae 
concretions,  and  the  upper  part  ia  known  as  the  "  lobster  bed," 
from  the  occurrence  of  Meytria  magna.  Other  fossils  found  in 
these  beds  are  Nautilus  radiatiu,  Atnjiumita  fureatu*.  Am-  Uopoldintu, 
Am.  Beehaym,  Corbit  corrvgata.  Pinna  robinaldina,  and  EmdlatUr 
Fittoni. 

The  FermgiTuiua  Sands  consist  of  alternating  beds  of  sand  and 
clay,  the  sands  of  gray,  green,  or  yellow  tints,  and  the  clays  brown 
or  blue.  The  lowest  beds  are  known  as  "  the  crackers,"  and 
contain  Ammonitea  Hambrovii,  Oereillia  anrepi,  Tn'gonia  cavdata, 
PUuromya  plicata,  etc  The  overlying  beds  contain  Terebratula  teUa 
in  great  profosion,  with  Ammotiita  Martini,  MacroicaphiUi  ffiga>, 
M.  UiUti,  and  Criocerai  BowtrhavM.  These  beds  correspond  to  the 
Hythe  beds.  The  highest  jiart  of  the  "ferruginous  sands,"  how- 
ever, appears  to  be  the  equivalent  of  the  Sandgate  beds  ;  this 
consists  of  two  belts,  each  about  20  feet  thick,  the  lower  of  sand 
with  ferruginous  concretions,  the  upper  a  bed  of  clay  without  fossils. 
The  concretions  yield  Bhyndumtlla  sulcata,  Avic\da  pectinata,  Thetis 
Sowerlryi,  Oyprina  angulala,  and  Trigonia  vediana. 

The  Hand-roek  Growp  appears  to  be  the  representative  of  the 
Folkestone  Beds.  It  consists  mainly  of  coherent  sands  with  bands  of 
laminated  clay,  but  contains  no  fossils.  The  CaTstone  is  a  coarse 
ferruginous  grit  which  varies  greatly  in  thickness,  being  72  feet 
thick  at  Kedcliff,  north  of  Sundown,  hut  only  from  Q  to  12  feet 
on  the  western  side  of  the  island.  It  contains  rolled  pebbles  and 
pbospbatic  nodules,  and  is  considered  by  Mr.  Strahan  to  be  more 
closely  connected  with  the  Oaalt  than  with  the  Vectian.  The  fossib 
found  iu  it  comprise  Ammonitts  Bendanti,  Plicalula  carteroniaiia, 
and  Liiiia  paralUla. 

When  followed  across  to  Dorset  the  Vectian  is  found  to  he 
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much  reduced  in  thickness,  being  onlj  200  feet  at  Punfield  Cove, 
near  Swauage,  136  at  Worbarrow  Ba;,  and  66  in  Mupe  Bay, 
beyond  which  it  is  not  seen.  At  PunQeld  the  Atberfield  Clay  is 
50  feet  thick,  and  the  upper  part  contains  some  remarkable  fossils, 
especially  species  of  Vicarya,  Natica,  Actaon,  CenlhiuTo,  and 
PtexmloTna,  which  are  common  in  the  Rhodonian  of  Spain,  but 
have  not  been  found  elsewhere  in  England. 

2.  Midland  Dittrict 
Under  this  head  will  be  noticed  the  deposits  which  are  found 
along  the  inland  outcrop  from  Willahire  into  Cambridgeshire.  The 
Wealden  clays  are  only  seen  in  one  locality,  the  Vale  of  Wardour, 
where  thej  are  succeeded  by  a  small  thickness  of  Yectian  sand. 
North  of  this  only  the  upper  part  of  the  Yectian  is  represented  by 
a  group  of  sands,  bonstones,  and  pebble  beds,  which  rest  unconform- 
ably  upon  the  Upper  Jurassic  rocks,  being  found  successively  on 
Corollian,  Kimeridgiati,  Portland,  and  Purbeck  Beds.  They  vary 
greatly  in  thickness  and  in  litholc^ical  characters,  and  are  sometimes 
overlapped  by  the  Qautt,  so  that  their  outcrop  is  concealed  for  a 
space  by  that  day.  Their  outcrop  is  thus  broken  up  into  a  series 
of  short  tracts  and  patches. 

Near  Faringdon  (see  Fig.  138)  the  Veetiau  consists  for  the  most 
part  of  soft  yellow  and  brown  sands,  with  some  layers  of  sandstone 
and  thin  bands  of  ironstone,  but  at  the  base  there  ore  irregular  beds 
of  pebbly,  foBsiliferous  gravel,  compacted  in  places  into  a  conglomerate. 
The  pebbles  are  chiefly  of  quartz  and  porcellanoua  slate  (lydianite). 
Among  the  fossils  sponges,  brachiopods,  and  echinoids  are  con- 
'  spicuous,  the  following  being  some  of  these  : — 

Fecton  sptieasis.  Rbynchonslla  Utiasima. 

„      (Neithea)  omithopus.  Feltastes  WrightL 

Tarebratula  toroacensis.  Cidaris  faringdonensis. 

,,  depressa.  Raphidonenia  porcntum. 

Waldheimia  tamarindus.  ,,  faringdonensis. 

TersbrateUa  Menardi.  Tremstocystia  an&stomouns. 

„  Fittoui.  PeroiiidelU  ramosa. 

The  summit  of  Shotover  Hill,  south-east  of  OiTord,  consists  of 
ferruginous  sands  with  bands  of  ochre  and  cream-coloured  loam, 
which  contain  remains  of  freshwater  Bhellii,  Unio,  Cyrena,  and 
Viviparut.  Similar  beds  occur  at  Wheatley,  Brill,  Crendon,  and 
Thame,  where  they  include  beds  of  gray  and  lilac  cky.  At  Crendon, 
Pect«n  aptienai  has  been  found  in  a  layer  of  calcareous  concretions 
which  overlies  the  clays,  and  marine  fossils  have  also  been  found 
at  Stone  near  Aylesbury.     Hence  there  can  be  little  doubt  that  the 
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SliotoTer  Beda,  which  lest  in  some  places  on  Portland,  in  others 
on  the  Porbeek  Bede,  aie  freshwater  deposits  of  Aptian  age.  Their 
thickneu  is  variable  with  a  maximum  of  about  60  feet,^ 

Yellow  and  white  sande  emerge  from  beneath  the  Oault  near 
Le^^bton  Buzzard,  and  form  a  range  of  hills  bj  Wobum  and 
Amptbill  as  far  as  the  neighbourhood  of  Shefford.  Near  tbeir 
base  are  beds  of  phospbatic  nodulea,  which  were  worked  near 
Btickhill,  and  include  casts  of  fossils  derived  from  the  under- 
lying Jurassic  clays,  together  with  well-preserved  contemporaneous 
foBsik.  Among  the  latter  are  Tenbratula  lella,  T.  depretia,  T. 
microtrema,  T.  raoutoniana,  and  otbera,  TerebnUella  Menardi,  T. 
Fittoni,  Waldheimia  celtiai,  W.  tamarindue,  and  others,  PeltaiUt 
Wrighti,  and  many  of  the  Faringdon  sponges. '^ 

The  sands  above  are  dug  for  glass-making  purposes,  and  are 
believed  to  be  about  200  feet  thick  near  Wobum ;  they  also 
contain  a  band  of  fullei^B  earth,  which  has  been  worked  for  mor« 
than  a  century. 

These  Wobum  Sands,  passing  beneath  the  valley  of  the  Ivel, 
become  conspicnous  again,  near  Sandy  and  Potton,  with  the  same 
nodule  beds  near  the  base,  in  which  derived  reptilian  bones  are 
very  abnndant ;  thence  the  sanda  run  through  Cambridgesbire 
to  the  Fens  south  of  Ely,  near  Streatham  and  TJpware. 

At  Upware  in  the  Fens  of  Cambridgeshire  are  saud^and  silts 
with  two  nodole  beds  similar  to  those  of  Brickbill  and  Potton, 
but  containing  a  still  larger  nnmber  and  variety  of  fossils.^  The 
beds  are  banked  against  the  Corallian  limestones,  are  less  than 
12  feet  thick,  and  are  overlain  by  the  Oault,  so  that  they  seem 
on  the  point  of  thinning  out.  Besides  the  apecies  previously 
quoted  from  Brickbill,  there  are  here  a  number  of  gastropod 
and  bivalve  Mollusca  which  do  not  occur  in  Bucks.  Specimens  of 
AoanthocoTu  corrmdianum  and  Anq/locgrai  HilUi  have  also  been 
found  with  Bdemnitet  like  JL  jacultan. 

3.  Northern  Distriet 
This  includes  the  Lower  Cretaceous  tracts  in  the  counties  of 
Norfolk,  Lincoln,  and  York.  Each  of  these  exhibits  a  somewhat 
different  facies,  the  depoaita  in  Norfolk  being  mainly  sands,  while 
those  in  Yorkshire  are  clays,  and  those  in  Lincolnshire  are  sands, 
clays,  and  limestones.  In  the  two  latter  counties  we  have  a  more 
complete  auccession  of  marine  deposits  of  Lower  Cretaceous  age 
than  is  found  in  any  other  part  of  England,  and  our  detailed 
knowledge  of  them  is  mainly  due  to  .the  labours  of  Professor  J.  W. 
Judd  and  Mr.  O.  W.  Lamplngb.s  Unfortunately  the  Norfolk 
2  E 
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outcrop  is  separated  from  that  in  LiocoliiBbire  hj  the  breadth 
of  the  Wash,  and  the  beds  in  South  Vorluhire  are  entirely 
concealed  bj  the  overlap  of  the  Upper  Cretaceoua,  so  that  correla- 
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tion  is  rendered  difficult  and  ie  dependent  on  the  diecovery  of 
foBsilB.  The  probable  correlation  ia  shown  in  the  following 
tabU:— 


Clays  wi  th  Ael.  jfuiilum 
Claya    with    SeUmniU$ 
taieralis 


{CuitouB 
Tealby  limestone 
and  Boaoh  iron- 
Tea  Iby  clay 
{Claxby  ironatoue 
3pilab;  sandatone 


Carstone 

Snettisham  clay 

[  Sandringham  aanda 
(Absent) 


It  will  be  convenient  to  take  Yorkshire  first,  and  in  that 
county  the  only  good  expoaure  ia  on  the  coast  near  Speeton  Gap, 
and  hence  the  whole  series,  which  has  a  total  thicknesa  of  about 
330  feet,  ia  aometiinea  termed  the  Speeton  Clay. 

The  base  of  this  clay  ia  a  layer  of  black  phosphatic  nodules 
embedded  in  stiff  clay.  The  fossila  are  badly  preserved,  but 
among  them  Professor  Pavlow  identifies  Betemnitt*  abtolidtu  with 
Ammonites  resembling  Okottepbamu  Panderi  and  Ulc.  teythieiu, 
species  characteristic  of  beds  in  Russia  which  ate  regarded  as 
Portlandian.  It  is  a  question,  however,  whether  these  fossils 
are  contemporaneona  or  derived.  This  bed  ia  succeeded  by 
claya  which  contain  BtlemniU*  lateralis,  OboafgAanua  gubdUvt, 
Olc  Lamplughi,  Roplita  amMygonvs,  with  Excgyra  t'ovioni  and 
AttarU  utitcta.  These  days  ate  considered  to  be  of  Purbeck  age  by 
Professor  Pavlow,  but  aa  they  contain  some  Cretaceous  species 
it  seems  better  to  regard  them  ior  the  present  as  belonging  to  this 
system,  and  Professor  de  Lapparent  considers  them  an  undoubted 
equivalent  of  the  Yalenginian  ;  they  are  not  more  than  36  feet 
tbick. 

The  overlying  clays  form  tbe  zone  of  Aclinoeamax  jacuium,  and 
are  about  120  feet  thick.  It  appears  to,  be  divisible  into  three 
flubzones  characterised  by  Ammonites,  which  in  succeeding  order 
are  Hoptitu  regalit,  OUosUphanui  spattmeTidi,  and  Ole.  DetAaii. 
Besides  these,  Crioccrai  Duvali,  Pecten  einctus,  Meyeria  omata,  and 
many  other  fossils  occur.  The  whole  of  this  zone  appears  to  be 
older  than  the  AtherSeld  Clay,  the  lower  part,  zone  of  HopUtea 
regalu,  represents  the  Hauterivian,  while  the  higher  and  greater 
part  represents  the  Barremian  of  the  Alpine  series. 

The  highest  part  of  the  Speeton  clay  consists  of  gray  and 
black  pyritous  clays  containing  Actinoai'iaax  bnauvicetuit  l  =  B^ 
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BtTtacanaUeulatut),  Soplilet  SeAayai,  a  Ui^  OrioctroM,  Area  teeurit, 
Itocardw,  angvlata,  and  othera.  Theee  beds  are  clearly  equivalent 
to  the  Vectian  of  Southera  England  ;  their  total  thickoess  is  more 
than  ISO  feet,  and  ma;  be  160,  and  thej  are  succeeded  by  gtitty 
dajB  of  Qault  age  containing  BtUmnitet  mtntmiu. 

In  LiiK^Inshire  the  Lower  Cretaceous  beds  emei^  from  beneath 
the  Upper  near  Caistor,  and  extend  thence  in  a  gradually  wideniag 
strip  tc  tbe  neighbourhood  of  Spilaby  and  Candleaby  at  the  aouthei'Q 
end  of  the  Lincolnshire  WoLds.  The  auccesaion  of  beds  found  in 
this  district  is  shonn  ia  Fig.  139,  and  the  full  thickness  does  not 
exceed  SCO  feet 

Tbe  Spilsby  Sandstone  bos  a  bed  of  derived  phoaphatic  noduleB 
at  the  btae  resting  on  tbe  Kinieridge  Clay,  Above  are  soft  yellow 
and  gray  sonda,  including  large  masses  or  doggers  of  calcareous 
soodstone,  which  ore  rich  in  foBsile  and  yield  Belemiata  lattrtUi*, 
Oleotleph.  fubditut.  Ok.  plicompkabis,  Tri^onia  ingen*,  T.  robiaal- 
dina,  etc.  The  Claxby  and  Hundlesby  ironstones  also  appear  to 
belong  to  this  zone,  as  they  have  yielded  Bel.  lattralii.  Am.  Btani, 
Olc.  gravetiformu,  Atlarie  lenecta,  Tngonia  ingens,  Shynxhonella 
muUiformis,  Terebralula  seita. 

The  Tealby  clays  are  from  40  to  100  feet  thick,  and  represent 
the  zone  of  Act  jacalum,  yielding  that  fossil  with  Am.  tpeeUmmtis, 
Crioeerai  IJuvali,  and  Pema  MulUti.  Tbe  Tealby  limestone 
contains  Ad.  bmrttvietntM,  Exogyra  sinuala,  Pecten  cinelut,  and 
appears  to  pass  southward  into  a  ferruginous  oolitic  marl,  locally 
called  "roach."  Above  these  calcareous  beds  ia  the  Caratone, 
which  has  not  yielded  any  fossils  except  at  its  junction  with  the 
red  chalk,  where  Bel.  mmimut  and  Tertbratula  biplicata  occur. 

In  Norfolk  the  thickness  of  the  series  is  rather  less  than  in 
Lincolnshire.  The  Sandringham  Sands  consist  of  light-coloured 
sands  with  some  beds  of  brown  flaggy  sandstone  in  the  upper  part ; 
they  have  not  yielded  determinable  fossils,  and  are  not  like  the 
Spilsby  Sands  ;  hence  it  is  more  likely,  as  Mr.  Lamplugh  suggests, 
that  they  represent  tbe  Tealby  Clay.  The  Snettisbam  Clay 
contains  Ad.  brumvicentU,  and  appears  to  be  the  equivalent  of  the 
Tealby  Limestone,  but  it  is  nowhere  more  than  20  feet  thick  and 
thins  out  southward. 

The  Carstone  of  this  country  is  a  brown  ferruginous  grit,  often 
cemented  by  oxide  of  iron  into  a  sandstone  capable  of  being  used 
as  a  building  stone.  Its  thickness  is  about  40  feet,  and  it  is  only 
at  Hi  base  that  fossils  have  been  found.  Some  of  these  occur  as 
phospbatic  nodules  which  may  or  may  not  be  derived,  others 
occur  in  concretionary  lumps  of  hard  grit,  and  include  AeaiUh. 
eortivetianui,  Tr^gonia  Kapha,  Pema  AlvUeti,  Itucardia  angvlala,  and 


.V  Google 


THE  CRETACEOUS  SYSTEM 


421 


Cardiwn  nibhillanum,  epecies  which  prove  that  this  part  of  the 
Carstoue  ia  of  Lower  CretaceoMs  a^  and  on  about  the  same  horizon 
aa  the  Hjthe  Beda.  Hence  we  may  infec  that  the  Cantone  of 
Lincolnshire  ia  of  the  same  age. 


B.  UPPER  CRETACEOUS  SERIES 
As  stated  on  p.  394,  the  niemhera  of  this  series  have  a  far  wider 
extension  than  those  of  the  lower  series ;  they  extend  southward 
below  the  English  Channel  into  France,  thej  pass  eastward  beneath 
the  eastern  counties  of  England,  and  below  the  floor  of  the  North 
Sea  into  Belgium  and  Holland.  The  following  ia  a  tabular  view 
of  the  stages  and  zones  into  wliich  the  English  series  is  divisible, 
with  the  names  of  the  corresponding  French  stages : — 


stages. 


IZoQe  of  Oatrea  Junata 
Zone  of  Beletnnit«lla  □ 
Zone  of  AatinocaniftK  quadratus 
Zone  o(  UaraupiUs 
Zone  a!  Micraater  corangnlDum 
Zona  of  Micraster  cortastudinari 
Zone  of  Holoster  plaaua 
Zone  of  Terebratnlina  irrEuiilia 
ZoD.oIKhvi.chonalU?hi.l.n 


.    rZon, 


if  Rhync 
■{  Holaal 


Low.,  Cb.lk  1 2,„  ,f  AnmoniU.  ., 
rZone  of  Pucten  saper 


Characteribtic  Fosbilb 


The  following  are  aome 
of  each  of  the  four  atages  i 


of  the  species  which  are  characteristic 
r  subdiviaiona  of  the  Upper  Cretaceoua 


FastUs  of  the  Selbomian 
Fori/era.        Chanendopora   Miohalini,   Dorydenna   Benettiie,   Siphonia 

tulips,  TraiQfttOcystia  Orbignji 
Hydrotoa.       Parkeria  apliierica. 
Actitunca.       Bathjcyattma  Sowerbyi,  Cyclocyathua  Fittoni,  TrochocjatlinB 

Echmodtrma.  CiirdiBi3teT  roasariua,  Cidaris  gaultina,  Echin<^patagaB 
murchisonianus,  Cottaldia  Beuettiie,  Fentacrinua  Fittoni. 

Annelida.       3erpu1a  concava,  Ditrupa  difformia. 

Cnalaeta,  Etypa  Martini,  Necrocarcinua  Bechei,  FalieocorTatas  Stokeal, 
Hoploparia  lonsimaDa. 

Braehiopoda.  TarebrataU  biphcata,  Terebratella  pectita,  Rhynchonella 
dimidiata,  Lmgula  anbovalis. 
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Lanullibranchia.  Area  c&riniita,  C&rdiuni  gstitiatiQtn,  iDocersTDiu  aulcatns, 
I.  concentricus,  Lima  pRralleU,  Ex.agfn,  conici,  Ostres 
vuiculoaa,  Nucula  pectisBtH,  Cuciillxi  glabra,  Pectuncalas 
umbonatUH,  Pleuromya mandibula,  Plitratul»gnrgitiB(  =  P. 
pectinoidea],  Trigonia  alifarmis. 


Gailropoda.     Aporrhaie     can  _    ...,     _  , 

Dentalium   deciiBsatara ,   Bellerophina  minuta,  Solarimn 


Parkinaoni,     Natica    gaultiua, 

,   Bellerophina  minuta,  S 

orDatum,  Scalaria  gaultina,  Tnmtella  granuUts. 
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Cephalopoda.  Ain.(Doiiril1eiceraa)n]aDimil1&tuB,Am.(Hoplitea)mterrDptDS. 
Am.  (Hoplit«s)  lautos,  Am.  (Hopliteai  aplendens,  Am. 
(Hoplites)  suritus,  Am.  (Schlcciibachia)  rostratiis,  Am. 
(Scb1(£nbachi&)  Tsricosus,  Hamitei  atteDiutna,  Nautilus 
clameDtiDoa,  Belemnites  minimus. 

The  followiiig  are  comnion  speciei  which  occur  both  in  the 
Selbomiott  and  tlie  Lower  Chalk  (Cenomanian)  :— 

Etamn/Mioma  amsobrinum,  Caiopygui  eofumiarjiu,  Holatter  lavi*, 
Salejtia  peiali/era,  PeltaOes  claihraitui,  Pseudodiadema  variolare,  Fi. 
omalam,  ZHteoidea  sulmadui,  Kingena  lima.  Skyndunulla  gramana, 
Lima  gtohesa,  Pecten  atper,  P.  orbiiuiaria,  P.  hiipidus,  Oitrea  vericuiaris, 
Aeieuia  gryphaoidts,  NatUilua  eltgaju. 


FosaUi  of  the  Loibct  Chalk 
Porifera.         Slauronema  Cartari,  PlocoscyphU  labrosa,  P.  fenestralii. 
AdiittKioa.       Klicrabocia  coronulo. 

JUfMnodmna.TiaciA^eB,    c^lindrica,   Cidaris    veaiculoaa,    Uoliuter,  sub- 
globogua,  H.  trecaiuis. 
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Annelida,       Serpuls  omboiuta,  5.  aDuulata. 

Oraslacat.       EDoplocljtis  brevimans. 

BrtuAiopoda.  Kbyiicllonella  M&rtiai,   R,  manteUians,  Terebratola  oami- 

globosa,  Terebretulina  nodulaga. 
Lartuilibranchia.C'aiMMiKii.   maille&iia,    laoceramus  latus,    Lima  aipeni, 

Peoten  eloDgatua,  P.  Sssicoet&,  Plicatula  inflata,  Spondylni 

Btriatus,  UDicardmm  rinKinerieiige. 
Oastropoda,    Aporrbais    Maotelli,    ATelkna   ca^is,    Dentalium    majua. 

Solarium  Mcarinstam. 


Cephalopoda.  Ammonites  (Schltenbachia)  varians,  Am.  (Acaathoceras) 
rotomageDsia,  Am.  (Acanthoceras)  Mantelli,  TurrililM 
coatatus,  T.  Morrigi,  ScBphi(«8  seqnalis,  Baculitaa  bacu- 
loidea,  Actinocamai  plenuB. 

FoaaiU  of  Oui  Middle  Chalk 
Echinodennata.  Galeritea  (Ecliiiioconiia]  gubrotundua,  Cardiaster  pjgmsa, 

Diacoidea  Dixoni,  Cidaria  liirudo. 
Brai^iopoda.  Terebntula  aemiglobosa,  Khynchooella  Cuvieri,  Terebrsta- 

lina  lata  (— graciliB  of  moat  authora). 
LamelUbrandiia.  Inoceramua  mjtiloidea  (labiatua).  I.  Cuvieri. 
Ccphalopada.  Am.   (Aeanthoeeraa)    nodoBoides,    Am.   (Paohydiacua)  per- 

amplua,  Am.  (Prionotropie)  Woolg&ri. 


.V  Google 


THE  CRETACEOUS  SYSTEM 


426 


FotfiU  of  the  Upper  Chalk  {lower  ktom) 
Pori/era.        CBineroBpaagia  cBimpaiiulata,  DorydermB  rfttnosam,  VeDtricu- 

lites  impreseiis,  V.  nutrnfoillHris. 
Echinoderma.  Cidaria    clavigcra,    C.    psi'ornata,    Cyphosomft    radiatnm, 

Holsster    planuB,     Micraster   Leakei    (^breviporug),    M. 

pnccursor.  M.  corteetudiiiartuni,  M.  coraDguinnm,  EpUster. 
Lairullibraacliia.  InoceramuB  involntus,  M.   Brougiiiarti,  Lima  Hoperi, 

L.  granosa,  FlicatilU  Barroisi. 


RbyncbonelU  Cuvlerl,  mcl.  >ix. 


boben 

FosiiU  of  the  Upper  Chalk  {kit/her  amet) 
Pori/era.        Cieloptyehium  agaricioides,  Pliuthosella  squammosa,  Scytalia 

radicirormU,  Siphouia  Kcenigi,  Stichopujina  tumidum. 
AtUhezoa.       Caryophylliacylindracea,  Cralosmilia  laxa,  PaiasrailiaFittoni. 
Echinoderma.  CurawUr  anancliytis,  GaUrites  lEchinoeoiiua)  abbreriatus, 

Offaster  piluk,  Marsupites  teatudinariua,  MicraaUr  eor- 

anguinum. 
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L.  DrIeinnltnllB  nincronaU. 


Hamipltea  teatudtnuius. 
HIcnater  foiangiilnuiit. 
L«Bk^  (hue). 
prM:iiiior{b«9eX 
J,        coranguinum  ttmeX 
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SraiAiapoda.  Rhynchonella   Hmbata,    Mogw    pumtlna,    Cr&Dia   cOBtata, 

T«rebretuliiiii  Bowei,  T.  gracilis. 
Lamtllibranehia.  Ostxea    acutiroatris,    O.    ciirviroatris,    0.    lunata,    0. 

wegEDSDiana,   Pecten   Nilboni,   F.  nitidus    (^^cntOBQs), 

Sponi^lus  dutampleanui. 
Cg^ialof^ida.  Am.   (Haplocaras)   lentophylliu,   Actinooamax    qnadretuB, 

Act.  grauulatus  ( =  Merceyi),  Bgletanitella  muoroData,  B. 

lanceolata. 

Beeidea    the  above,  the    following  are  more  or  lees  common 

throDghont  the  Upp«r  Chalk  : — 

Forifera,         Hcteroetinia  obliqua,  Veutricniites  decnirens,  V,  radiatns. 
Anlhoioa.         Paresmilia  centralia,  Aiogoster  cretactia, 
.fi!AiniKfenna.£chmocoi78(  =  AnBnch;t«s)TulgariB,Galerit«s(Ecliiiiouoiia8) 

coniouB,  Cidaris  sceptrifera,  Cyphosoma  Kre nigi. 
BraJiiopoda.  Tercbratola  caroea,  Khynchonella  plicatilia,  Rli.  reedensia. 
LamclltiiTanchia.  Ostrea  semiplana,  Spondylus  spinoaus. 

Stratisrafht 

In  describing  the  Upper  Cretaceous  rocks  we  may  deal  with 
them  under  the  aame  three  heads  as  in  the  case  of  the  Lower 
Cretaceons. 

1.  Southern  England 

Selbomiao. — This  stage  includes  the  deposits  which  have  long 
been  known  as  Oault  and  Upper  Oreeuaand,  names  which  date  from 
a  time  when  a  Middle  Cretaceous  series  was  supposed  to  exist, 
comprisiug  the  Lower  Greensancl,  the  Gault,  and  the  Upper  Green- 
sand,  which  were  supposed  to  occur  in  regular  upward  succession. 
As  the  palsBontology  of  these  deposits  was  more  carefully  studied  it 
was  seen  that  the  "  Lower  Qreensand  "  was  a  distinct  sta^e,  but  that 
the  Upper  Greensand  was  inseparable  from  the  GauU,  and  was  to  a 
large  extent  merely  a  sandy  facies  of  the  Qault.  Hence  it  became 
necessary  to  combine  these  two  facies  under  one  name  as  a  single 
stage.  For  this  the  name  Stlbornian  has  been  chosen  from  the 
village  of  Selbome  in  Hampshire,  and  though  the  names  Gault  and 
Qreensand  are  convenient  terms  for  different  lithological  types,  the 
student  must  be  warned  against  the  error,  perpetuated  by  the  use  of 
these  names,  that  the  Upper  Greensand  is  a  definite  subdivision 
newer  than  the  Gault.^  Where  the  stage  is  complete  four  zones  can 
be  distingaished.      These  are  :  — 

4.  Tiaaa  of  Pecltn  aaper  axA  Carditutir  fosmriia. 

8.  Zone  <ti AmviimiUs  {.Sehliai.)  roslratia  i.=injlatiti). 

2.  Zona  of  Am.  (Hbpliles)  liiutia  and  Am.  {H.)  inUrniptiu. 

1.  Zone  of  Am.  {Donmlleietraa)  mammitlalus. 

Of  theae  zones  the  lowest  is  always  a  sand,  the  second  is  generally 
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claj  (u.  Qault),  the  third  maj  be  "Qault,"  or  malmstone,  or  gray 
SKiidB  ;  the  fourth  is  always  green  sand  or  MndBtone. 

At  Folkestone  in  Kent  the  three  lower  zones  are  fonnd,  but  the 
higbest  does  not  exist,  the  so-called  Upper  Oreensand  of  that  place 
being  the  chloritic  marl  or  zone  of  Stawimana  Garteri  at  the  base 
of  the  Lower  Chalk.  The  zone  of  Am.  rtutrotui  is  known  as  the 
Upper  Qault,  and  consists  of  pale  gray  marly  clay  about  78  feet 
thick  ;  this  includes  a  bed  of  dork  green  glauconitic  sand  in  the 
upper  part,  and  is  separated  from  the  Lower  Oault  by  a  layer  of 
pboaphatjc  nodules.  These  beds  yield  Am.  (Selilcenbackia)  ro^alut, 
Seh.  Goodhalli,  Pecten  rauftnutniM,  Terebrat'ida  iiplicaia  in  the  upper 
part.  Am.  {Sdi.)  varicotiu  and  Jnocn-amtw  ndeattu  in  the  lower  part 
The  "Lower  Gault"  consists  of  gray  clays  with  several  bands  of 
phospbatic  nodules  and  a  layer  of  such  nodules  at  the  base  em- 
bedded in  dark  green  glauconitic  sand.  The  charactenstic  fossils 
are  Hoplitei  inlerraplat,  H.  tpknderu,  H.  lavtiu  (upper  part),  Lima 
paralUla,  Pinna  ittragonat,  Inocera/mv*  coneentriev*.  Below  and 
formii^  the  base  of  the  stage  are  6  or  6  feet  of  coane  green  sand 
containing  Dovmlleicenu  taaimmiiUalvs. 

Inland  the  thickness  of  the  Oault  becomes  much  greater  and 
is  about  200  feet  near  Uaidstone.  This  increase  appears  to  be 
chiefly  in  the  Upper  Oault,  for  the  lower  division  does  not  exceed 
GO  feet  in  any  pert  of  Kent.  It  is  not  till  we  reach  Westerham 
that  the  so-called  "Upper  Oreensand"  makes  its  appearance  at 
the  top  of  the  Qault,  and  thence  it  thickens  westward  through 
Surrey.  This  deposit  is  known  in  Surrey  as  "  fircstone "  and 
"  hearthstone,"  and  in  Hampshire  aa  "malmstone" ;  it  is  »  greenish 
gray  siliceous  atone  conaiEting  partly  of  fine  sand  and  glauconite 
grains,  partly  of  sponge  spicules  and  globular  colloid  silica,  and  it 
passes  down  into  sandy  marls  which  are  dearly  part  of  the  Upper 
Oault. 

In  Hampshire,  near  Alton  and  Selbome,  tbe  general  succession 
is  as  follows : — 

5.  Sort  greenish  sands  without  fossils          .                 .  2  to    16 

4.  Malmstone  with  beds  of  calcareous  stone                  .  80  to  100 

3.  Sandy  marls  with  Am.  rottnUaa  and  Inoc.  stiUatiti  30  to    60 

2.  Daik  clays  with  Am.  itUerniptus   ....  about  100 

1.  Qreen  sands  with  phosphstic  nodules     .         .         .  3  to    IS 


About  240 


From  the  malmstone  Am.  (Schlmniadiia)  roilratus.  Am.  (Hopliie*) 
auritm,  Anaocertu  armatmn,  Area  earinata,  and  PUuromya  mandi- 
bula  have  been  obtained,  and  there  is  no  doubt  that  it  represents 
the  greater  port  of  the  Upper  Gault  of  Folkestone. 
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Whea  the  beds  crop  out  again  in  Wiltshire  there  aie  Btill  clays 
and  marls  in  the  lower  part,  but  thej  belong  entirelir  to  the  Lower 
Gault  (about  90  feet).  The^  are  succeeded  by  soft  malmstanes 
with  Sehlanb.  rottrala,  S.  variaua,  FUwomya  mandilmla,  Cardium 
gmtianum,  and  other  foBsilB.  These  are  succeeded  by  30  to  60 
feet  of  greenish  gray  sands,  often  containing  nodules  and  layers  of 
chert,  and  having  a  special  fauna,  of  which  the  commonest  aie 
Peettn  atper,  P.  GaUiennei,  Neithea  quadrKoitala,  Lima  lemituUata, 
CardiaiieT  fonariiu,  Epiatter  Lorioli,  and  IHscoidea  ndmeiiia.  TheM 
beds  are  well  developed  near  Warminster,  whence  they  are  some- 
times called  the  Warminster  Beds,  and  they  ate  succeeded  by  soft 
green  mud  with  calcareous  concretions  and  many  foBsila  which 
forms  a  passage  op  into  the  chloritic  marl. 

A  similar  succession  is  found  in  the  southern  part  of  the  Isle 
of  Wight,  where  the  beds  are  ; — 

Pact. 

i*.  a^)er  zoiio — Sands  and  chert  beds  (few  fossils)  .  about  30 

.^»i.  rosfrn^iu /Soft  sandstones  and  sandy  malin  .  ,.     70 

lEone         (.Dark  gray  sandy  clays         .  .  ..45 

Lower  Gault — Bine  clays  with  ^ni.  amart'tu,  etc.  .,   100 

The  "Oaullr"  passes  down  into  the  " Carst^ine "  (see  p.  414^ 
which  Mr,  A.  Strahan  is  inclined  to  regard  as  representing  the 
zone  of  Am.  mammillatiii,  but  that  fossil  lias  not  yet  been  found, 
and  the  question  remains  undecided. 

In  South  Dontet  the  succession  is  similar,  but  the  base  of  the 
Selbornian  1*4  sharply  defined  by  a  thin  layer  of  quartz  pebbles, 
while  the  Lower  Gault  becomes  more  and  more  sandy  as  it  is 
traced  we.stward.  Ammonites  also  become  very  rare  in  it,  but 
Lima  paTallela,  Pinna  UtTogona,  Nueiila  pectinata,  and  J'leuromya 
plicata  occur.  The  zone  of  Am.  roitratui  consists  of  green  sands 
with  beds  of  calcareous  sandstone,  and  there  is  always  a  well-marked 
xone  of  Pecten  aijier  at  the  top. 

In  Devon  the  beds  are  well  expo^d  in  the  cliffs  between  Lyme 
Regis  and  Sidmouth,  the  base  of  the  Selbornian  gradually  passing 
over  the  Lower  Lias  and  across  the  Keuper  marls  till  it  resta  on 
the  Keuper  sandstones.  At  the  ba-se  near  Lyme  and  Axmouth 
there  are  still  some  few  feet  of  clay  (Lower  Uault),  but  westward 
this  eithi^r  tbins  out  or  passes  into  sand.  At  fieer  and  near  Beer 
Head  the  succession  is  as  follows  :— 


1.  Hard  calcareous  saudstone 8  to  10 

:.  Sands  and  sandstones  nitli  niorc  or  less  cheit     .         .  about  00 

.  Soft  ({ray  sands  jjasaiag  down  into  dark  green  clayey  sand  .  „    90 


I  the  lowest  appears  to  represent  the  Upper 
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Qault  or  zone  of  ^m.  rMtralut,  while  the  two  upper  inuat  correspond 
to  the  zone  of  Pacten  atper.  So  local  ia  the  occurrence  of  this  Pecten, 
however,  that  no  specimen  has  jet  been  found  in  these  sandstones, 
ita  place  being  taken  apparently  by  large  Exogyrce,  E.  digitala,  and 
E.  cotiania. 

At  Sidmoutb  and  in  the  Blackdown  Hills  the  lower  sands  have 
yielded  a  rich  fauna,  the  shells  being  preserved  in  chalcedony,  and 
the  following  are  some  of  the  commonest  speciea,  Am.  vaTtcotut, 
Aporrhaii  cakarata,  Tv,rnUila  granvtata,  Protocardia  hUkma, 
CueulUea  gU^ra,  CyVitna  plana,  Lueina  orbieularu,  Trigonia 
aliformu,  and  TV.  scabricola. 

An  outlier  of  the  Selbomian  sands  occurs  on  the  Haldon  Hills 
about  12  miles  south-west  of  Sidmouth.  Here  they  rest  on  the  red 
Permian  breccias,  and  are  reduced  to  a  thickness  of  70  or  80  feet. 
The  lower  C5  feet  contain  many  of  the  Blackdown  fossila,  and  are 
clearly  of  the  same  age  ;  they  are  overlain  by  yellowish  sand  with 
lumps  of  chert,  above  which  is  coarser  sand  containing  rounded 
grains  of  tourmaline  which  have  doubtless  been  derived  from  the 
granite  of  Dartmoor. 

Iiower  Obal^ — This  stage  as  developed  in  the  south  of 
England  is  divisible  into  two  parts  or  zones,  the  lower  part  forming 
the  zone  of  Am.  {Schlctnbackia)  Rtriarw,  and  the  higher  part  that 
of  HoUuter  lubglobouit.  At  the  base,  and  included  in  the  range  of 
Am.  variatu,  is  the  subzone  of  Stanronema  Carttri,  consisting  of 
sandy  glauconitic  chalk  which  ia  often  called  the  "  Chloritic  Marl" 
At  the  top  is  a  band  of  soft  gray  nmrl  which  is  often  called  the 
Belemnite  marl  or  subzone  of  Actinocawax  pleniti,  from  the 
presence  of  that  Belemnoid. 

At  Folkestone  the  beds  composing  the  Lower  Chalk  are  i  "* — 

Fe-t. 

Zone  o{ HoLl7.  Beleinnite  marl  {with  Act,  plentu)                .  6 

iiibgliibonts,  \  6.  Whitish  chalk  in  massive  b«da  (few  fossils) .  60 

126  feet     la.  Gray  cbalk  in  massivo  beds         ...  60 

li.   Gray  marly  chalk 20 

Zone  of  j4m.  I  3.  Alternating  Ixda  of  gray  marl  and  hard  gray 

cariani,     i          chalk 22 

S8  fa«t      12.  Gray  chalk  with  reefs  of  sponges          .        .  10 

1.1.  Son  greeu  glauconitic  chalk  (§faurau£nta)  .  16 

194 
Beds  2,  3,  a:id  4  are  characterised  by  ScK  variani,  AcajUk. 
ThoUimagensia,  Ac.  ManttUi,  Turnlitet  coilalus,  Feden  e[<mgatu>, 
Bhynchonella  Martini,  fi,  manttUiana,,  and  the  sponges  Plocotcypkia 
labrosa  and  P.  fenettralii  in  No.  2.  No.  &  contains  HoUaUr  xuh- 
globoeut,  DUcoidea  cylindriea,  and  a  few  other  fossils,  and  the  teeth 
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of  PiyekoAut  decmrent  are  not  uncommon  in  Nos.  6  and  T.  The 
Lower  Chalk  exhibits  a  similar  focies,  and  maintains  the  wune 
tbickness  all  round  the  Wealden  area,  and  is  exposed  in  numy 
large  quarries  along  ita  outcrop  in  Kent  and  Surrey,  especially  in 
the  valley  of  the  Mednay. 

The  Lower  Chalk  attains  its  greatest  thickness  in  Wiltshire, 
where  it  is  about  S&O  teet^  the  greater  part  belonging  to  the  zone 
of  Am.  TOrioTM,  which  includes  beds  of  a  peculiar  ailiceous  chalk 
containing  imperfect  flints. 

In  the  Tele  of  Wight  the  best  exposure  of  the  Lower  Chalk  is 
in  the  Culver  Cliffs  north  of  Sandown  (see  map.  Fig.  146],  where 
the  following  succession  is  Been  : — 

Fnt. 

Zoneofi?o/.  (Soft  bluish  gray  marl        ..,..-.  8 

»ubgl<Aoaua  \MiusiTe  smooth  wbitish  clialk 

(Beds  of  gray  chalk  sitemately  bard  and  soft 
Gray  marly  chalk  with  layers  of  bard  cbalk 
Blaish  gray  msri  with  reefs  of  PlMoaq/phia 
Chloritic  marl  with  phosphatio  uodaleB     . 

212 

The  Chloritic  Marl  is  from  6  to  6  feet  thick  along  the  Undercliff 
(Ventnor,  etc),  and  abounds  in  phoaphatised  casts  of  ScAtentacftid 
variam,  Aamth.  Mantelli,  Tumliia  Morri-ti,  and  Cuadl<ra  mailltana, 
together  with  shells  of  Pedea  aiper,  Bltynchonella  graiiana,  and 
^e  sponge  StawontTna  Carteri.  The  two  main  zones  are  here  leas 
clearly  marked  than  in  Kent  and  Surrey,  for  Hoi.  tabgloboma  occuis 
in  both,  and  few  other  fosaila  can  be  found  in  the  higher  beds,  so 
that  the  limit  can  only  be  judged  by  the  upward  range  of  Am. 
•varia'nt  and  other  lower-zone  fossils. 

In  Dorset  there  is  a  more  decided  break  between  the  Selbomian 
and  the  Lower  Chalk  ;  the  basement  bed  is  a  glauconitic  chalk 
with  phosphatic  nodules  and  fositils,  but  it  does  not  seem  to  be  the 
eqnivalent  of  the  Chloritic  Marl,  for  it  does  not  contain  Stauronana, 
while  it  has  other  fossils  which  in  the  Isle  of  Wight  are  common 
from  10  to  20  feet  above  the  Chloritic  Marl,  such  as  Seapkilti 
aqvalis,  AcajitiioCfTOt  Totomagtntu,  Turrilitet  IVietli,  and  HoltulfT 
miglobomt.  Other  common  fossils  are  UucuUaa  mailUatta,  Uni- 
eardium  ringmtrienu,  and  GalerUea  castanea.  The  thickness  of  the 
Lower  Chalk  is  also  less  (140  feet  near  Swanage),  diminishing  west- 
ward till  it  is  only  about  60  feet  in  West  Dorset. 

The  Dorset  faciei  of  the  Lower  Chalk  can  be  traced  inland  by 
Bridport,  Beaminster,  and  Crewkeme  to  Chard  in  Somerset,  where 
it  ia  still  about  SO  feet  thick  with  a  highly  fossiliferous  bed  at  the 
base  ;  but  when  it  reappears  on  the  coast  near  Lyme  and  Seaton 
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it  has  undergone  such  a  change  that  it  ceases  to  be  chalk,  and  ia 
redacad  to  a  thin  band  of  calcareous  Bandetone  enclosing  large 
,  graina  of  quartz.  Near  Lyme  this  bed  is  only  3  or  4  feet  thick,  bat 
at  Beer  Head  it  Bwella  out  into  two  beds  which  have  a  combiqed 
thickneaa  of  18  feet,  and  aie  highlj  foeatliferouH.  We  could  not 
expect  a  coarse  grit  to  contain  the  same  assemblage  of  fossils  as  a 
clialk,  and  it  is  interesting  to  find  the  fossib  in  these  calcareous 
grits  are  siniilar  to  those  found  in  the  sandy  Cenomaniau  deposits 
of  Western  France." 

That  this  Cenomanian  of  Devon  ia  equivalent  to  the  English 
zone  of  Ato.  variani  is  shown  by  the  presence  of  that  species,  and 
all  the  other  common  Chalk  Marl  Ammonites,  Turrilitea,  and 
Nautili,  with  Scapkila  aqualit,  Holtuter  nibghboiut,  and  QtUaitet 
cattanea,  while  among  the  foasiU  which  connect  it  with  the 
Cenomanian  of  France  are  Trigonia  viearyana,  Fecten  atper,  P. 
pvzosiarmt,  P.  mbacuiv*,  Lvtaa  teeta,  Tenbratula  tamacemit,  T. 
eapilltUa,  TtrehraUila  jieetila,  Chttaldia  BeiutUfs,  and  Gatopygut 
eolwntxmut.  Some  of  these  occur  also  in  Englaod  in  the  topmost 
beds  of  the  Selbomian,  just  below  the  aubzone  of  Stawronema 
Garleri.  Curiously  enoi^h  this  spoi^e  has  not  been  found  in 
Devon,  though  Elamumioma  and  Trgmatoq/etia  are  not  uncommon. 
Middle  Ohalt. — Until  recently  this  stage  has  been  considered 
to  include  three  zonea,  the  lowest  being  characterised  fay  the  abun- 
dance of  Bhynchtmilla  Cumeri,  the  second  by  a  TerebratuUna  hitherto 
known  as  T,  graeilis,  but  more  correctly  as  Ter.  lata,  and  a  third 
zone  of  Holader  planui.  But  as  many  of  the  species  occurring  in 
the  S.  planus  zone  range  into  the  Upper  Chalk,  it  has  been  found 
niore  convenient  to  draw  the  line  of  division  where  most  of  these 
species  set  in,  thus  leaving  only  two  zones  in  the  Middle  Chalk. 
At  its  base  diere  is  always  a  certain  thickness  of  hard  nodular 
chalk  which  forms  a  great  contrast  to  the  soft  marl  on  which 
it  rests  ;  this  rocky  chalk  is  called  the  Melboum  Rock  from 
a  village  in  Cambridgeshire. 

Commencing  as  before  in  Kent,  we  find  a  good  section  of  this 
at^e  in  the  clilfa  near  Dover,  which  show  : — 

{Bather  rough  lumpy  white  chalk      ....  20 
Smooth  white  cbalk  with  thin  layara  of  gray  marl 

and  seteral  eonrses  of  fliats 00 

Whitechslk  with  seams  of  marl  but  no  flints  .         .  60 

2on«  of  Mh,/  Hard  chalk  with  frequent  nodular  layers  .         .         .  3S 

Cuvieri    \  Hard  and  rough  nodular  chalk  ....  32 


The  fossils  in  the  lower  zone  are  Bhynchowtta  Ouvitri,  litoeemmtu 
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mytiloidei,  Cardiaster  pygTriaut,  Galeritai  mhrotajidui,  DiscoieUa 
Bixoni,  and  its  variety  minima.  In  the  upper  lone  are  Terd>rata- 
lina  lata,  JnoMntmui  Cuvieri,  and  MicratUr  eorbovit ;  bere  too 
Spondylui  spinoiui  makes  its  firat  appearance,  and  Solaiier  planui 
cornea  in  near  the  top. 

These  beds  can  be  traced  all  round  the  Wealden  area,  and 
another  floe  exposure  of  them  can  be  seen  in  the  cliffs  of  Beachy 
Head,  where,  however,  there  are  do  flinta  in  the  zone  of  Ter.  lata. 

In  the  Isle  of  Wight,  Culver  Cliff  and  quarries  near  Yarbridge 
exhibit  the  followii^  si 


j'Bough   chalk   nith  a  seam  of   black  day  in   the 
Zone  of  Ter.  |      middle  and  a  layer  of  Kfeea-coated  nodules  near 

lata       "I     the  base 

(.Thick -bedded  white  chalk  with  amma  of  marl  . 
Znne  nf  SA.  i^'^  chalk,  becoming  nodular  bclovr  and  containing 
n    -_■     i      niaiy  broken  laoaramus  myCitoida 
t,-u™m      J  gg^gjj  ^^^i„  chalk  with  marly  vBins      . 


1S8 

Westward  in  Conipton  Bay  the  thickness  is  reduced  to  150 
feet.  In  Dorset,  at  Ballaid  Cliff,  it  is  only  122  feet,  but  the  same 
layer  of  green-coated  nodules  occun  about  20  feet  fnim  the  top 
and  has  been  mistaken  for  chalk  rock.  In  the  bays  on  the 
coast  of  Dorset  the  chalk  is  so  crushed  that  measurements  are 
not  reliable,  but  at  White  Nothe  Dr.  A.  W.  Rowe  eetimates  its 
thickness  at  134  feet.'^ 

In  Devon  the  Middle  Chalk  is  well  exposed  near  Beer,  and  is 
about  100  feet  thick,  the  zone  of  RJi.  Cuvitri  here  including  some 
thickness  of  hard  shelly  chalk  which  is  quarried  for  building 
purposes,  and  is  known  a9  Seer  Btone. 

Upper  OballE.— The  cholk  of  this  division  has  been  divided 
into  seven  zones  (see  p.  421),  but  the  higher  zones  are  not  every- 
where present,  having  been  removed  from  large  areas  in  the  south 
of  England  during  the  upheaval  which  preceded  the  formation  of 
the  Eocene  deposits.  These  seven  zones  may  be  grouped  into  two 
substages,  the  lower  of  which,  including  the  zones  of  HoL  pUmvt, 
Mieratter  corfcifinjtnarium,  and  M.  Doran^iitum,  may  be  termed  the 
Micraster  chalk,  while  the  higher  zones  may  be  called  the  Belemnite 
chalk  until  more  de&nite  names  are  proposed. 

In  Kent  the  Upper  Chalk  forma  the  cliffs  from  St  Margaret's 
Bay  near  Dover  to  Walmer  and  Deal,  and  t^in  from  Romsgate 
round  the  Isle  of  Thanet  to  Mai^ate  and  Beculvers. 

Mi.  W.  Hill  finds  a  convenient  base  for  the  zone  of  Holatter 
plamu  in  a  bed  which  is  full  of  scattered  flints,  and  in  which 
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Eokinoeanjs  vtilgaris  makes  its  appeoraikce.  Measured  from  this 
the  thickness  of  the  zone  is  about  48  feet,  and  it  couBUta  of  & 
succession  of  beds  of  rough  lumpy  chalk,  the  lumps  belog  very  hard 
hut  embedded  in  a  softer  matrix,  and  the  top  is  marked  by  a  coarse 
hard  nodular  rocky  chalt.  In  these  beds  M'UTatter  Leakei,  M. 
pracuTtOT,  and  HoL  planui  are  common. 

They  are  succeeded  by  chalk  with  many  flints,  whiter  and  less 
rough,  but  still  including  some  hard  nodular  layers ;  in  this 
Mieroiter  prfreurtor  and  its  broader  variety  of  eorlaludinariu'm  are 
abundant     The  thickness  is  &6  feet  according  to  Dr.  Rowe.'^ 

The  zone  of  M.  ammguinum  consists  of  smoother  chalk  with  ' 
numerous  layers  of  black  flints,  also  some  continuous  layers  of 
flint.  This  zone  is  said  to  be  280  feet  thick,  and  it  forma  the 
cliffs  near  Walmer,  Bamsgate,  and  Broadstairs.  The  low-zone  ■ 
Micrasters  die  out  in  the  lower  70  feet  of  thia  zone,  above  which 
M.  coraiiguinum  takes  their  place  with  Oidaris  sceptrifera,  C. 
peromata,  Cyphoimna  Kaaigi,  Gahrites  cont«iu,  and  several  species 
of  Paramiilia. 

The  zone  of  Martupiiu  or  Margate  Chalk  consiBta  of  soft  chalk 
with  very  few  flinta  and  is  116  feet  thick  at  Margate ;  it  is 
divisible  into  a  lower  band  in  which  Uintaerinui  is  common  and 
an  upper  band  in  which  MarnipUa  is  common.  Other  characteristic 
fossils  are  Ammimita  {Haplocerai)  leplopkylbit,  Actinocamax  vertu, 
A.  granulatii*,  and  TerebratuHiut  Eow^.  This  is  the  highest  chalk 
seen  on  the  Kentish  coast,  and  it  is  doubtful  whether  any  higher 
zone  occurs  in  any  part  of  Kent  or  Surrey. 

On  the  coast  of  Sussex,  however,  higher  zones  come  in.  The 
Marsupite  zone  has  recently  been  identified  by  Dr.  Rowe  at  Seaford 
Head,  and  above  it  is  170  feet  of  chalk  containing  Offatter  pUvia, 
ActinocoTTiax  granvlat-us,  Cieto$mUvi  laxa,  and  other  foaailfl  of  the 
quadraiua  zone.  Thia  chalk  extends  westward  from  Newhaven  to 
Brighton,  and  thence  to  the  valley  of  the  Arun,  where  a  BUccession 
of  quarries  between  Houghton  and  Arundel  shows  parts  of  all  the 
zones  above  mentioned  (eee  Fig.  147).  Still  farther  west  chalk 
containing  Belemnitella  m/ucrmuUa  has  been  found,  and  this  highest 
zone  underlies  the  Eocene  of  Hampshire  and  is  well  exposed  in 
quarries  on  Portsdown  Hill,  where  an  inlier  of  chalk  is  brought 
up  within  the  Tertiary  area  by  an  anticlinal  flexure.  The  total 
thickneas  of  the  Upper  Chalk  in  West  Sussex  and  Hampshire 
must  be  from  800  to  900  feet. 

In  the  Isle  of  Wight  the  thickness  of  the  Upper  Chalk  is 
estimated  at  about  1200  feet,  and  the  following  subdivisions  have 
been  recognised  : — 


.V  Google 


THE  CRETACEOUS  SYSTEM 


,  Google 


438  .    STHATIGHAPHICAL  GEOLOGY 

FhI. 
4.  Zones  of  Bil.  muenmaia  and  Ad.  quadralus  .         .        ,         ftlwnt  600 

3.  ZoDt  ot  MaTiapUa  leitiuiinariia „     100 

2.  Zon»  ot  Micraker  corangmnuTn „     400 

1.  Zone  of  ifiera3l»r  prcecaraor,  including  beds  containing 

M.  eorU$tudi7iariv,m  and  Sol.  ptanus ....  „       80 

This  chalk  forma  the  gxeaCer  part  of  the  ridge  which  croeaes  the 
centre  of  the  ieland,  terraiaatiDg  in  the  Culver  cliffs  on  the  east  and 
i&  Uie  Needles  on  the  west.  The  cliff  aectiona  are  not  easily 
accessible,  but  parts  of  the  serica  are  exposed  in  the  inland  quarries. 

The  same  zones  with  a  total  thickness  of  about  1000  fe«t  are 
fonnd  in  Dorset,  where  Dr.  Eowe  has  recently  identified  the  zone  of 
Mariupile»  and  has  been  able  to  separate  the  zone  of  Act.  quadratv* 
{rom  that  of  BeL  muironofa,  assigning  a  thickness  of  354  feet  to 
the  former  and  not  less  than  250  to  the  latter,^"  the  characteristic 
fossils  of  the  one  being  Actinoeamax  grtmulatas.  Act.  qtiadratMt,  and 
Offatter  pilvla,  while  those  of  the  higher  zone  are  BelemniteUa 
■miurmala,  B.  laiuwlata,  Gardiaiter  ananehytU,  Magat  pumilut, 
Crania  cotlalci,  and  ShyrKhcnella  limbata. 

2.  Midland  Diatnet 

As  the  beds  of  the  Upper  Cretaceous  series  are  traced  northvaid 
from  the  Vale  of  Pewsey  through  Berkshire,  Oifordshire,  Buck- 
inghamshire, Bedfordshire,  and  Cambridgeshire,  important  changes 
take  place  in  the  lower  part  of  the  series,  though  the  zonal  divisionfl 
of  the  chalk  above  are  maintained  with  littie  alteration.  Thfa 
escarpment  of  the  chalk  is  a  prominent  physical  feature,  forming 
the  front  of  the  Berkshire  Downs  and  of  the  Chiltem  Hills  to  the 
northward.  The  bold  outlines  of  the  frontal  spurs  and  rii^es 
of  these  hills  is  doubtless  due  to  the  hardness  of  the  Chalk  Bock 
and  the  nodular  chalk  above  it,  as  these  beds  invariably  form  the 
capping  of  such  ridges, 

Sellwmian. — This  division  is  fully  developed  in  Berkshire 
and  Oxfordehire  and  consiate  of  the  following  members  : — 

Dark  green  sand  and  glauconitic  marl  .  .         16  to   20 

Malmstone  with  layers  of  sandy  marl 60  to  100 

Maria  and  clays  of  the  "  Upper  Gault  "   ' \onn 

Clays  of  the  "Lower  Gaulf*^ /^"" 

This  succeesion  is  illustrated  in  Fig.  148.  The  base  of  the  Qault  is 
seen  at  Culham,  where  it  yields  the  usual  fauna  of  the  Am,  tntemiptui 
zone,  the  upper  marls  with  Avievla  gryphamidu  are  eipoeed  in  the 
railway  cutting  at  Didcot,  and  the  malmatones  can  be  seen  in  the 
cuttings  on  the  line  to  Marlborough  as  well  as  near  Wallingford. 
The  band  of  green  sand  at  the  summit  has  not  yielded  fossils,  hut  it 
probably  represents  the  zone  of  Pedtn  asp^. 
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The  Qanlt  fonus  a  continuous  band  of  low-lying  claj  land 
throughout  the  district,  and  in  Buckingham,  Bedford,  and  Cambridge 
it  occupies  the  greater  p&rt  of  the  plain  which  intervenes  between 
the  escarpments  of  the  Chalk  and  the  Lower  Oreenmnd.  It  appears 
to  attain  its  greatest  thickness  in  Bucks,  where  the  followii^ 
horizons  can  be  rect^ised  :— ^* 

6.  Bluish  micaceous  clays '\ 

i.  Pale  gray  calcareous  clay I  Upper  Gault, 

3.  Layer  of  plioaphat«   nodules    mixed  with    glauconite  j      80  feet, 

grains       I 

2.  Stiff  dwk  bine  clays I-  _     .. 

1.  SUta. coloured  clay  with  Uyers  of  noduUa  uear  t^el-^'^'^j.^'^'*' 

The  fossils  in  No.  1  are  a  mixture  of  species  elsewhere  charac- 
terising Upper  and  Lower  Gault,  Schlmnixichia  roatrata  and  erulata 
occurring  with  Hoplita  Umtiit  and  inten-uptiu,  IrtoeeraTTMe  tulcalut 
with  /.  concfntrteiM  ;  Bclemnilet  minifaai  is  very  abundant  In  the 
upper  nodule  bed,  however,  the  foasils  are  all  of  Upper  Gault 
species,  viz.  Sehkenb.  roelTola,  Hoplitei  tplendent,  H.  raujtntaniu, 
Ter^atvJa  biplicata,  and  Avicida  grypluEoidet — the  same  Avicula  ia 
the  principal  fossil  in  the  uppermoat  clays. 

Traced  to  the  north-east  the  Lower  GauU  thickens  to  200  feet, 
but  the  Upper  Gault  is  cut  out  gradually  by  erosion,  and  tiic 
fossils  of  the  nodule  bed  (Na  3)  are  found  washed  out  and  ranantA 
at  the  base  of  the  Chalk  Marl  in  Bedford  and  Cambridge.  In 
Cambridge,  too,  the  Gault  becomes  rapidly  thinner,  and  is  not 
more  than  90  feet  thick  near  Soham.  There  is  reason  to  believe, 
moreover,  that  this  90  feet  includes  a  portion  of  the  Upper 
Gault  which  undoubtedly  comes  in  again  beyond  the  area  of  erosion 
in  Norfolk,  as  will  hereafter  be  mentioned. 

Lo'wer  Obalk. — The  following  ia  the  constitution  of  this 
division  all  along  its  oatcrop  north  of  the  Thames  Valley  through 
Berkshire,  Bedfordshire,  Cambridge,  and  Suffolk  : — 

G.  Soft  gray  sbaly  marl  enclosing  a  band   of  hard  nbite 

chaOt,  Aainocamax  plenvji 3  t«    5 

4.  Tough    blocky  chalk  without  diatinct  bedding,   Holatltr 

aubgloboius,  Acanth.  rotamagensia 60  to  80 

3.  Tottemhoe  etone,  hard  gray  sandy  chalk,  Jihyiich.  tnan- 

UUiana,  Lima  tchinala,  Kingena  lima,  I'edtn  Jaaicoita, 

etc _.  2t«20 

2.  Soft  marls  with  occasional  layera  of  hard  marly  rock  in 

Oxford  and  Bucks,  Schlanb.  rariatu^  Jihynch,  MaHini, 

Inoc^amua  tains 60  to  80 

1.  Marl  with  green  grains,  passiog  into  the  nodule  bed  known 

as  Cambridge  Greensand 1  to    2 

The   Cambridge   Oreensand    commences  near   Barton -le- Clay 
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and  the  phoflphatified  fossils  which  occur  in  the  Caiubridge  Green- 
eand  have  been  derived  from  the  erosion  and  destruction  of  the 
Upper  Qault.  This  derived  fauna  compriue  some  210  specie* 
of  Invertebrala,  bnt  abont  80  of  these  have  not  yet  been 
recognised  elsewhere  in  En^nd  ;  out  of  the  remaining  130  no 
less  than  114  occur  in  the  Qault  of  Folkestone,  most  of  them  and 
nearly  all  the  commoner  fossils  occurring  in  the  Upper  Qault.^ 
The  commonest  species  ore  Schianb.  rottrata,  Sopliita  auritm,  M. 
raKlinianut,  Avieula  gryphmoidet,  Tereirralula  Hplicata,  PlicalMia 
gargitit,  and  Shynchanella  nikata,  but  it  is  noteworthy  that  the 
last  is  a  very  rare  fossil  ia  the  Qault  elsewhere. 

The  Vertebrate  fauna  of  the  Cambridge  Qreensond  is  very 
remarkable,  tbe  remains  of  many  species  of  Icbthyoaaurs,  Pleaio- 
saurs.  Dinosaurs,  Chelonians,  and  Pterodactyles  having  been  found, 
bother  with  bones  belonging  to  a  bird  (ETtaliorni$).  Most  of 
these  bones  have  doubtless  been  washed  out  of  the  Gault,  but 
some  may  be  chalk  marl  forms. 

The  indigenous  fauna  of  the  Cambridge  Qreensand  is  found  in 
the  marly  matrix  of  the  bed,  and  some  of  the  species  are  VernU- 
cttlana  vmbonata,  Diieoidea  tuhtfcula,  Micrdbacia  cormmla,  IViyn- 
dwnella  Hneolata,  Kingerta  Uma,  end  TerebratiUina  triangularit, 
most  of  which  occur  also  in  the  Chalk  Marl  above. 

Another  speciality  of  this  district  is  the  Totlcmfaoe  stone, 
BO  named  from  a  place  near  Dunstable,  where  it  is  20  feet  thick, 
and  is  quarried  for  building  purposes.  It  varies  greatly,  however, 
in  thickness,  and  is  sometimes  represented  by  two  beds  of  sandy 
stone,  with  chalk  marl  between  them.  At  its  base  there  is  usually 
a  layer  of  green-coated  pbosphatic  nodules,  and  small  hagments  of 
phosphate  are  common  in  the  stone  above. 

This  Tottemhoe  stone  forms  the  base  of  the  Salatter  ivbglobotut 
zone,  and  that  fossil  is  occasionally  found  in  it,  as  are  also  Acanth. 
rolotiiagtmit  and  Ac.  cencTnanerui*,  though  they  are  much  mora 
common  in  the  chalk  above.  The  EoL  nibglobotKi  zone  consists 
of  gray  chalk  in  tbe  lower  part,  and  whitish  chalk  in  tbe  upper 
part ;  its  thickness  appears  to  vary,  as  if  it  had  suffered  from 
contemporaneous  erosion  during  the  deposition  of  tbe  shaly  marl 
which  overlies  it. 

Middle  OhaLt.' — This  division  exhibits  the  same  lithological 
and  palxontological  characters  as  in  the  south  of  England.  In 
Berkshire  it  is  not  more  than  150  feet,  but  north  of  the  Thames 
it  rapidly  thickens  to  about  220  feet,  and  maintains  this  thickness 
into  Suffolk. 
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The  Melbonnt  rock  at  the  base  is  from  8  to  10  feet  thick, 
and  conaiats  of  hard  nodular  ch&tk  ;  it  pEMies  up  into  bedded  chalk, 
in  which  Inocera'nviu  mytHoidef  and  RhyndvmtUa  Ouvieri  are 
generally  abundant 

The  higher  zone  conaiHtB  of  soft  white  chalk  with  layers  of 
gray  ahaly  marl  and  occasional  nodolea  of  flint,  which  become 
more  numerous  towards  the  north,  till  in  Cambridge  and  Suffolk 
flints  are  frequent  in  this  zone  and  ore  often  of  elongate  finger- 
like  form.  FoBBilq  are  seldom  abundant,  hut  Oalerila  rubrv- 
Imidut  and  Terdiratutina  lata  occur,  with  Spondyltu  tpinonu, 
HolatUr  pUmiit,  and  Micraiter  corbovit  in  the  higher  part 

Upper  Ohalk. — Throughout  the  inland  outcrop  the  zone 
of  EoUuter  planw  is  represented  by  several  beds  of  very  hard 
compact  subcrystalline  chalk,  generally  of  a  creamy  colour,  and 
each  bed  having  a  layer  of  green-coated  calcareo-phosphatic  nodnlea 
at  the  top.  This  rock  is  known  as  the  "  Chalk  Rock."  Sometimes 
there  are  six  or  seven  such  beds,  sometimes  only  two  or  three, 
succeeded  by  loose  chalk  consisting  of  hard  lumps  in  a  toft  matrix. 
Very  frequently  these  beds  contain  grains  of  glauconite  ;  they  are 
generally  fuU  of  foeails,  and  among  these  Qaateropods  are  noticeable, 
for  these  are  rarely  found  either  in  Middle  or  Upper  Chalk.  The 
most  characteristic  fossils  are  Pachydiicut  ptramplns,  Frionoeydat 
Neptuni,  Scaphita  Geinitzi,  Hettrvceraa  TeumiaTiu'm,  Turbo  Geiniixi, 
and  T.  gemmatua.  HolaeUr  planui,  Mieratter  pnteurtar,  and  M.  Lakei 
are  also  common.  The  thickness  of  this  Chalk  Bock  and  of  the 
aasociated  nodular  chalk  nowhere  exceeds  26  feet,  but  is  often  less. 

White  chalk  with  frequent  layers  of  flinta  and  occasional  beds 
of  hard  chalk  succeeds,  and  appears  to  represent  the  70De  of 
Mierailer  airUttudinariv/m,  hut  foeails  arc  rare,  and  this  zone  paasea 
up  into  aimilar  chalk  containing  M.  coraTigiiinwn,  £ckinoconut 
ttmictti,  and  spines  of  Oidaris  scfptrifera,  0.  peromata,  etc  Flints 
are  very  numerous  and  often  hollow  with  remains  of  Doryderma 
ramotum  and  other  sponges.  Both  these  zones  are  distingoishable 
in  the  valley  of  the  Thames  between  Streatley  and  Beading.  In 
Cambridgeshire  the  chalk  of  Balsham  and  Stetchworth  belongs  to 
the  corteriwftnartum  zone,  while  that  round  Haverhill  and  Bury 
St.  Edmunds  belongs  to  the  eoranffUHiuni  ione. 

The  zone  of  Mar»iipitea  has  not  yet  been  identified  with  certainty 
in  any  part  of  the  area  under  description,  but  some  remarkable  beds 
are  exposed  at  Taplow  near  Maidenhead  which  belong  either  to  this 
zone  or  to  that  of  Aetinoeamax  qaadraliu.  A  la^  quarry  about 
60  feet  deep  shows  white  chalk  without  flints,  but  including  two 
beds  of  brown  phosphatic  chalk,  each  resting  on  a  bed  of  hard  white 
chalk.     The  upper  bed  of  brown  chalk  is  8  feet  thick  and  contains 
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Ad.  granulatut  and  Oetrea  acutirotlrU ;  the  phoapfaatic  matter  is  in 
the  fotm  of  gToiiu,  eoiue  of  which  are  caeU  of  Foramuiifera  and 
others  are  phoaphatised  prUms  of  Inocaramui  shell. 

The  chalk  of  Needham  Market  in  Suffolk  has  also  yielded  Ad. 
gvadratxu  (j^ronuiotiu)  and  Oslrea  ocufircwtrw,  but  no  higher  chalk 
has  yet  been  found  in  that  count/. 

3.  Nvrthtm  DMriet 

Under  this  head  we  shall  coBsidec  the  chalk  of  Norfolk, 
Lincolnshire,  and  Yorkshire.  In  passing  through  Norfolk  the 
Selboraian,  the  Lower  Chalk,  and  the  Middle  Chalk  all  undergo 
great  lithological  change  and  pass  into  different  tjpea  or  lacies 
which  persist  through  LincolnshiTe  and  Vorkshire.  In  Norfolk 
the  strike  is  nearlj  from  south  to  north  and  the  dip  is  easterly, 
bringing  in  a  great  thickness  of  chalk  towards  Norwich  and  Cromer. 
In  Lincolnshire  and  Yorkshire  the  prevalent  strike  is  to  the  north- 
west and  the  dip  north-east,  except  where  it  curves  round  the  head  of 
the  sjncline  in  Yorkshire. 

Selbomlao. — The  Gault  in  its  nomiBl  aspect,  and  including 
both  Lower  and  Upper  Qanlt,  emerges  from  beneath  the  Fenland 
deposits  near  Stoke  Ferry,  and  can  be  traced  northwards  to  Grimston 
and  Boydon  near  Kings  Lynn.'^  At  Stoke  it  is  about  60  feet 
thick,  but  at  Boydon  it  is  barely  19  feet.  In  the  railway  cutting 
near  Grimston  there  are  marly  clays  with  two  beds  of  gray  lime- 
stone and  a  bed  of  bright  red  marl  more  than  a  foot  thick.  The 
lowest  limestone  contains  SehL  Toetrala,  Hopl.  laiilui,  Ince^ra/m/u* 
tukaluM,  and  Inoc  cmcentTwua.  At  Dersingham  there  is  only  7  feet 
of  material  to  represent  the  Gault,  the  upper  part  calcareous,  the 
lower  a  red  and  brown  marL  Farther  north  it  posses  into  the  red 
limestone,  which  is  generally  called  "red  chalk"  and  is  so 
strikingly  exposed  in  the  cliffa  at  Hunstanton.  This  red  rock  is 
only  3i^  feet  thick,  and  consists  of  three  layers,  each  passing  into  the 
other.  The  lowest  is  sandy  and  of  a  deep  brick-red  colour  full  of 
Actinocamax  miTiimui  and  Ta-ebratxUa  bipUcata ;  the  central  part  is 
a  red  nodular  limestone  with  the  same  fossils  and  many  others, 
incloding  SoplHu  lautut,  H.  ipUndens,  H.  fMbereviatiu,  InoceraTimt 
tuleatiu,  and  Inoc.  coneentriiyue.  The  highest  layer  is  a  pale  pink 
limestone  with  few  fossils. 

This  "  red  rock  "  is  continuous  through  Lincolnshire,  where  it 
is  often  10  to  12  feet  thick,  but  thins  again  to  4  or  5  near  Caistor. 
In  South  Yorkshire  the  beds  are  about  7  feet  thick,  thinning  to  the 
north-east,  till  at  Leavening  and  Wharram  it  is  less  than  2  feet, 
its  base  containing  pebbles  of  quartz  and  ironstone.      E^tward 
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Smooth  and  ficia  red  marl aboat    4 

Red   marl,   enclosing  lump?  of  harder  and  more  calcareooH 

material,  with  many  fosiils ,,      IS 

Tongh  red  marlj  clialk  in  irregular  beds     ....  ,,10 

Red,  yellow,  and  green  claya,  shaly  and  gritty   ...  ,,        li 

The  lowest  beds  contain  Bel,  minimnt  and  Inoceramtu  tukahu, 
the  higher  hold  Terebratula  biplicata,  T.  capiUata,  Kingsaa  lima,  et«. 
IiOWer  Ohalk. — As  this  is  followed  throi^h  Norfolk  it  becomes 
greatlj  reduced  in  thickness  and  at  the  aame  time  harder  and  more 
purely  calcareous,  both  these  changes  being  evidently  due  to  a 
diminution  in  the  quantity  of  intermingled  argillaceoos  matter. 
ThuB  at  Heacham  and  Hunstanton  the  Lower  Chalk  has  the 
following  compogition  : — 

FMt. 

Zone  of  ib.  Hard  whitish  chalk  in  rather  thin  beds.         .         .  35 

Offaater  \i.  Rough  dark  gray  chalk  with  a  layer  of  green-coated 

^harieiu  \  nodules  at  the  base  (Totternhoe  stone)        .         .          2 

„  -  (Z.  Hard  creamy  white  chalk 13 

zona  01  1 2  Hard  g^ij  rough  and  shelly  chalk  with  a  layer 

■^V-  1  of  sreen- coated  nodules  at  the  base    ...           f 

vanans  (^j_  Hardwhite  nodular  limestone        ....          IJ 

65* 
The  hard  nhelly  chalk  (Na  2)  ia  often  called  the  "  iDDcer&mus 

bed "  because  it  is  crowded  with  fragments  of  Inoceramiu  shells, 
probably  of  Inoc  laiut.  It  also  contains  Holofler  guhgtobowat  and 
Acanth.  rotomageiwia,  but  the  former  ranges  throughout  the  Lower 
Chalk,  BO  that  it  is  convenient  to  take  another  urchin  to  choracteriae 
the  upper  zone,  and  for  this  purpose  Offmtar  gpkmicux,  common  in 
the  upper  beds  of  Lincolnshire  and  Yorkshire,  seems  besL 

It  will  be  noticed  that  the  Totternhoe  etoue  is  reduced  to  a 
thickness  of  only  2  feet,  but  it  retains  its  characters  and  some  of 
the  fossils  usually  found  in  it ;  moreover,  it  is  traceable  as  a 
bed  of  about  the  same  thickness  all  through  Lincolnshire  and 
Yorkshire.^' 

In  Lincolnshire  the  only  noticeable  variations  are  (1)  the  red  and 
pink  coloration  of  two  beds  in  the  zone  of  Offaiter  tphvrieui  near 
Louth,  (2)  the  reappearance  of  the  Belemnite  marl,  which  is  absent 
near  Hunstanton,  but  is  often  2  feet  thick  in  Lincolnshire,  and  is 
sometimes  stained  dark  red  or  purple. 

In  Yorkshire  the  Lower  Chalk  maintains  the  Lincolnshire  focies 
along  the  greater  port  of  the  escarpment,  but  at  Speeton  it  shows  some 
changes.     The  zone  of  Am.  vartani  expands  to  77  feet  and  the 
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lower  part  consists  of  nodultir  chalk  in  alternating  pink  and  iTnflWi 
bands.  The  zone  of  Offatter  epharieui  is  46  feet  thiuk,  and  the 
lowest  bed  Ib  in  places  stained  pink.  At  the  top  the  Belemnite 
moils  are  well  marked,  enclosing  a  medial  bed  of  bard  smooth 
white  chalk. 

Middle  Ohelk. — In  the  north-west  of  Norfolk  this  division 
appears  to  be  onlj  about  100  feet  thick.  The  Melbonrn  rock 
continues  at  the  base  of  the  zone  of  Shynrhoneila  Oavieri,  but  the 
beds  above  are  lees  nodular  than  they  are  farther  south,  and  the 
zone  of  TerebratiUina  lata  conaists  of  hard  white  chalk  with  many 
layers  of  flinta. 

In  Lincolnshire  there  is  no  definite  Melbouro  rock,  and  the  zone 
ot  Shynch.  Cuvieri  IB  reduced  to  a  thicknees  of  10  or  15  feet,  and 
consists  of  yellowish  gray  chalk  full  of  fragments  of  /noceramui 
sheU.  and  containing  Inoe.  mytiloidet,  Rhynch.  Cuvieri,  and  Terebralula 
iemigUAoia.  At  the  top  is  a  layer  of  gray  shale,  directly  succeeded 
by  a  layer  of  white  chalk  traversed  by  a  aeriea  of  vertical  joints, 
which  break  it  up  into  small  columnar  pieces.  The  change  is 
sudden,  and  the  succeeding  zone  of  Ter.  lata  consists  of  finn  white 
chalk  with  frequent  layers  of  gray  flints.  Inoetramtu  Cjtvieri  is  the 
only  common  fossil,  and  the  thickness  of  the  zone  may  be  60  to 
100  feet 

In  South  Vorkshite  both  zones  are  exposed  in  some  large 
quarries  near  Hessle  Station  and  have  yielded  a  lai^er  number  of 
fossUs,  but  little  is  known  of  the  Uiddle  Chalk  in  its  course  through 
Yorkshire  except  that  the  whole  of  it  beconies  very  hard.  In  the 
clifh  near  Speeton  only  the  base  of  it  can  be  reached. 

TJpper  Obalk.' — The  only  place  in  Norfolk  where  anything 
like  the  Chalk  Rock  has  been  found  is  to  the  west  of  Swaffham, 
but  the  zone  of  Holatler  planut  has  been  traced  in  North-west 
Norfolk  by  Bircham,  Docking,  and  TitchwelL  It  has  also  been 
found  in  Lincolnshire  near  Louth  and  at  several  places  in  Yorkshire, 
but  has  not  yet  been  mapped  continuously.  It  comes  into  the 
cliffs  on  the  north  side  of  Flamborough  Head,  where  it  cottaists  of 
very  hard  chalk,  from  which  it  is  difficult  to  extract  any  fossils. 

The  zone  of  Micnuter  cortfstwiinanwji  has  not  been  positively 
identified,  but  that  of  M.  corangvinum  occurs  in  all  three  counties 
with  a  nearly  normal  facies,  consisting  of  white  chalk  with  frequent 
layers  of  flint  nodules  and  many  continuous  floors  of  flint.  At 
SwaSham  in  Norfolk  it  has  yielded  Oardiaster  ananchytu,  Infulaittr 
excmlricut,  Micriuter  eoratigvimtm,  and  Cidarie  peromala.  Its 
thickness,  however,  is  not  yet  known. 

The  h^her  zones  have  only  been  found  in  Norfolk  and  in 
Yorkshire.     In  Norfolk  the  Martupilu  zone  occurs  at  Houghton, 
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Walsingham,  and  Wells,  and  the  zone  of  Acttnoeamaa  qwtdratiu 
probabl}'  comea  in  to  the  westward,  while  naor  Norwich  the  cone 
of  BelemniMla  mveronala  is  found.  The  highest  !BiigliBh  chalk 
cornea  up  on  the  coaat  near  Cromer  &nd  Trimingham  ;  it  conBiata 
of  white  chalk  with  yerj  rough  flints,  and  Includes  a  layer  of  gray 
sandy  chalk.  The  prevalent  fossils  in  this  chalk  are  BeL  mtiervnaia, 
Otlrea  lunata,  Ter^atulina  gracilit  (type),  T-  gift,  Trigotumimut 
dtgam,  Galerites  albreinatiu,  Cardiaster  ananckytit,  and  a  large 
number  of  Bryozoa.  A  boring  at  Norwich  proved  a  thickness  of 
11S2  feet  of  chalk,  and  probably  about  1000  feet  of  this  belongs 
to  the  Upper  Chalk. 

In  Yorkshire  the  higher  part  of  the  chalk  is  well  expoeod  in 
the  cliffs  of  Flamborough  Head,  but  it  does  not  appear  to 
reach  quite  to  the  zone  of  BeUmniUUa  mvcronata,  althoi^h  there 
is  a  measured  thickness  of  6S0  feet  above  the  chalk  with  many 
fliata.^^  This  thickness  ooneista  mainly  of  flaggy  white  chalk  with 
many  thin  seams  of  soft  marl,  and  it  is  entirely  destitute  of  flinta 
The  lower  part  for  about  260  feet  above  the  highest  bed  of  flints 
has  not  yielded  Marmpitai  and  but  few  other  fosEils  ;  in  the  next 
117  feet  Marmpitee  occurs,  and  is  abundant  in  the  upper  25  feet 
near  Danes  Dyke.  The  higbest  1S5  feet  of  chalk  between  Danes 
Dyke  and  the  termination  of  the  cliffs  near  Sewerby  is  characterised 
by  the  abundance  of  fossil  sponges.  The  moat  abundant  species 
belong  to  the  genera  ScytaHa,  Sditcothtm,  Siphonia,  Stiehophyma, 
Boloipongia,  PhymatiUa,  and  Verruculina.  Other  fossils  found  in 
this  flintless  chalk  by  Professor  Barrois  and  Ur.  J.  W.  Statber  are 
(1)  in  the  Marsupites  zone,  Actinoaatutx  granidalut.  Act.  vertu, 
Inoeeramui  lingua,  Offaiter  pilula,  InfuUuter  rostratut;  (2)  in  the 
higher  zone,  Actinocama^  quadriUui  (or  grantilaivt),  Inocera/nM* 
liagva,  Bhynchontlla  limbala,  Cardiaater  ananchytUf  and  InftUaiUr 
axentricux. 

Mr.  Lamplugh  believes  that  another  100  feet  of  chalk  cornea 
in  on  the  rising  ground  above  Bridlington,  and  from  a  quarry  in 
this  Mr.  Slather  has  obtaiued  GardiiuUr  ananchytU  and  SoapMUt 
bvnodoitu. 

4.  Irelajid 

Upper  Cretaceous  rocks  appear  nearly  everywhere  round  the 
edge  of  the  great  basaltic  plateau  of  Antrim,  Tyrone,  and  London- 
derry,  and  we  may  therefore  safely  infer  that  they  underlie  the 
greater  portion  of  iL  It  is  also  clear  that  they  once  extended 
much  farther  westward  than  the  present  edge  of  that  plateau,  as  is 
proved  by  a  small  outlier  near  Draperetown.  They  usually  rest 
on  a  planed  down  surface  of  Liassic  or  Triaseic  rocks,  but  some- 
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tijnea  overstep  the  limits  of  these,  as  ia  North-east  Antrim,  and 
rest  upon  the  Palieoioic  rocks  (see  Fin.  163). 

A  detailed  description  of  these  Irish  Cretaceons  rocks  was  given 
in  1665  by  Professor  Tate,  and  an  attempt  to  correlate  the 
dinsions  he  proposed  with  the  zones  now  recognised  has  recently 
been  made  bv  Dr.  W.  F.  Hume,  as  ahowa  in  the  following 
tahle ;— " 

Tata'i  Divlgioilt.                               Home's  Zones.  FMt. 

TS.  -White  limestone    /  Zone  of  BelemnMU  mucmn.t- \  _  ^^0 
J                                      V        i<      Actinocamai  qoadratoB  / 

1  4.  Chlorittc  Chalk     |        ■•      Actinocamai  yerus         \  ,  3  to    6 
\                                     In      Echinoeorya  gibbus        ) 

is.  Obloritio      Sands/  luoceramuB  zone  (Upper  Chalk)   .  .  6  to  20 

and  sandstones  \  Zone  of  Exogyra  columba     .        .  .  4  to  16 

2.  Yellow  aandatoDes  —        „      Oatrea  carinata        .  .  4  to  30 

1.  Qlauconitic  sands  -        „      Exogyra  coaic*        .  .  4  to  16 

The  glanconitic  sands  are  regarded  by  Dr.  Hume  as  in  part 
equivalent  to  the  Selbomian  zone  of  Am.  rostraint,  but  the  occur- 
rence of  SchL  variant,  Pteten  tupn-,  and  an  Advnoeamax  like  vena 
(probably  laiKtolatta,  Sow.)  makes  it  difGeuIt  to  accept  this  view. 
They  are  not  likely  to  be  older  than  the  zone  of  Pecten  asper.  The 
yellow  sandstoues  contain  layers  of  chert,  and  their  fauna  is  a 
carious  mixture  of  Selbomian  and  Cenomanian  forma,  but  as  the 
beds  ore  shallow-water  deposits  it  is  probable  that  Selbomian 
species  here  survived  into  Cenomanian  time,  and  the  occurrence  of 
Acanth.  Totomagennt  ma^s  them  as  equivalents  of  Lower  Chalk. 

The  so-called  Chloritic  sands  appear  to  include  two  deposits  of 
very  different  age,  separated  by  a  break  and  unconformity.  The 
lowest  beds  are  calcareous  glauconitic  sandstones  with  Exogyra 
columba,  Peeten  atptr,  and  THgonia  cTWiuiofa,  and  are  evidently  of 
late  .Cenomanian  age.  The  higher  beds  are  only  found  to  the 
north  of  Belfast,  and  are  seen  at  'Woodhum,  Island  Magee,  and 
I^rne,  and  these  sandstones  yield  Eckinocoryi  gibbus,  Galenta 
amicut,  Micraater  Letkei,  BkyTichonella  Umbata,  and  Terebratvla 
eamta,  fossils  which  are  sufficient  to  show  that  the  beds  belong  to 
the  Upper  Chalk,  but  it  is  quite  uncertain  what  zone  they  repre- 
sent, for  most  of  the  species  might  belong  to  any  zone  from  that  of 
Holoiter  planut  to  that  of  Margupiiei.  But  if  the  occurrence  of 
Micratter  Leekei  is  confirmed  it  points  to  the  lowest  zone. 

The  "  Chloritic  Chalk "  is  a  pink  limestone  with  grains  of 
glanconite,  and  appears  to  be  a  condensed  representative  of  a  large 
part  of  the  Upper  Chalk  of  England,  and  was  doubtless  formed 
during  conditions  which  were  unCnvourable  to  deposition,  perhaps 
from  the  prevalence  of  strong  currentB.     In  the  north  of  Antrim 
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this  bed  it  represented  bj  6  feet  of  white  limettone  nith  fliote,  and 
yields  Manupite  plates  as  well  as  Aetinocamax  wnu. 

The  "  white  limestone "  consiats  of  hard  white  chalk  with 
regalar  layers  of  flints,  and  may  be  regarded  as  equivalent  to  the 
zones  of  Bel.  rnvtronata  and  Otlrea  lunala  (Norwich  and  Triraing- 
ham  chalk).  In  the  north  of  Antrim  it  has  a  bond  with  Adina- 
eamax  qwdratm  at  the  base. 

5.  Scotland 

Cretaceous  rocks  have  only  yet  been  discovered  in  one  part  of 
Scotland,  namely,  in  the  island  of  Mull  and  in  the  district  of 
Morvem  on  the  adjacent  mainland  ;  as  in  Ireland,  they  belong 
exclusively  to  the  upper  division  of  the  system,  and  though  they 
can  be  correlated  generally  with  the  Irish  series,  thej  exhibit  a 
still  more  abnormal  facies  and  a  more  decided  approach  to  littoral 
conditions. 

The  characters  and  relations  of  the  Cretaceous  beds  can  be 
ascertained  best  in  Morvem,  along  the  shores  of  Loch  Aline,  and 
beneath  the  singular  onllying  massee  of  Beiun-y-Htin  and  Beinn-y- 
Haltan.     The  general  succession  here  is  given  below  : — -"^ 


4.  Sandstones    and    white    msrls    with    plant    remains    (high 

Cretaceous  or  early  Eoceoe) 20 

3.  White  indurated  clisik  witli  bands  of  flints,  BeiemniUlla 
mut^otiaia,  and   fragments  ol  Inocrramia  ;  some   beds  of 

gUuconitic  chslk  at  the  bsse 10 

ite  sandstones  without  fossils,  but  containing  s  Ihin  seam 

of  coal 30  to]  00 

1.  Glauconits  sands,  passiug  somotimes  into  dark  green  argil- 
laceous sand,  sometimes  into  calcareous  Bsudstonc :  Peden 
asptr,  P.  orlriailari.%  Kmirira  arnica,  but  no  Ammonites 
found 20to60 

On  comparing  these  beds  with  those  of  Antrim  we  may  safely 
regard  No.  I  as  equivalent  to  Nob,  1  and  2  of  the  Irish  sequence, 
but  the  absence  of  Ammonites  and  BtltmniUs  in  the  Scotch  beds  is 
noteworthy  as  indicating  the  shallowness  of  the  water  in  which 
they  were  deposited. 

The  overlying  white  eandstones  (No.  2)  would  appear  to  be 
homotaiial  with  the  zone  of  Ottrea  colwmba  in  Ireland,  whatever 
the  precise  f^  of  that  may  be.  Above  it  there  is  a  palteontolc^cal 
break,  though  apparently  no  unconformity,  and  the  hard  white 
clialk  corresponds  closely  to  that  of  Ireland,  except  that  there  is  no 
sign  of  the  Micratter  zone  at  its  base. 
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6.  Narthem  Frana 


la  France  the  Upper  Cretaceous  seriee  exhibita  two  very  different 
faciea,  that  of  tbe  southern  provinces  being  verj  different  from 
that  of  the  northern  region,  which  is  oft«n  called  the  Paria  basin. 
The  deposits  found  in  the  latter  cloaelj^  resemble  those  of  Englanil, 
and  were  evidently  formed  in  the  same  sea,  while  those  of  Southern 
France  belonged  to  a  different  marine  provinue.  Those  of  the 
Paris  basin  may  firet  claim  attention,  and  the  following  is  a  brief 
notice  of  them  (see  table  on  p.  421). 

Albttui. — The  name  of  this  stage  is  taken  from  the  river 
Anbe  (or  Alba],  and  in  the  department  of  that  name  it  consists  of 
the  following  members: — 

Marls  with  Am.  [SAlojih.)  Toatratiia  and  Oatrm  vaimXosa  .         up  to  200 
Clays  with  ^m,  {Soplites)  aple7uUnta.DAAm.(Ilopl.)<mTilTU  ,,       30 

Clays  with  Am.   iHoplita)  inlcrraptut  and  Am.   {Douv.) 

mam.millai'ui „       60 

Qreen  sands  without  fossils ,,30 

Traced  northward  into  the  Meuse  and  Ardenne  the  basal  sands 
contain  Ato.  mam/mUlatM,  and  pass  into  a  siliceous  rock  (the  "gaize 
de  Draize").  The  marls  also  pass  into  similar  rock  [the  "gaize  de 
I'Argonne"),  which  closely  resembles  our  malm  stone,  and  is  un- 
doubtedly of  the  same  age. 

These  Albian  deposits  pass  completely  under  the  Paris  basin. 
They  have  been  reached  by  deep  borings  at  Paris  and  Dieppe. 
They  appear  again  in  the  anticlinal  uplift  of  the  Pay  de  Bray,  and 
in  diminished  thickness  they  are  found  in  the  cliffs  of  Normandy. 
Near  Cap  la  Hfeve  the  clays  are  about  10  feet,  and  the  gaize  with 
jtm.  {Sehlienb.)  TotfnUua  is  about  26  feet  thick, 

Oenomaniaii.^The  district  where  this  stage  was  first  estab- 
lished, that  of  Le  Mans  in  the  Sarthe,  is  unfortunately  one  where 
the  beds  have  a  sandy  and  shallow  water  facies,  and  are  difficult 
to  compare  with  the  chalky  facies  which  prevails  in  the  eastern 
part  of  the  Paris  basin  as  it  dues  in  England.  In  Normandy, 
however,  there  is  an  intermediate  type  which  affords  valuable 
assistance  in  the  correlation,  and  a  fine  section  pf  it  is  visible  in 

the  cliffs  near  Cap  la  H6ve  ; — 

^  Feet. 

4.  Grayish  white  chalk  with  rn.y  flints        .         ,         .         ,         about  30 
3.  Qray  chalk  with  cherts  and  phoaphstic  nodules        .         .  .      in 

2.  Yellowiah  gray  silty  and  glauconitio  chalk  with  manv  layers 


IS^l. 


ck  cherts,  and  some  beds  of  bluish  marly 
the  bottom  . 
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The  baaement  bed  conteinB  StavroneToa  Cartaiaai  SehL  vananM, 
and  ie  the  equivalent  of  our  Chloritic  Marl.  The  beda  above 
oontain  Sclii.  variant,  Aca/nih.  ManUUi,  Tumiita  cottatiu,  Pectm 
(up«r,  P.  Galliennei,  and  HolatUr  iubglobotru.  Most  of  tbese  also 
range  into  No.  3,  but  the  whitieh  chalk  above  has  few  fossils. 

ToTonian. — The  name  of  this  stage  u  taken  from  Tonraine, 
where  it  is  divisible  into  two  subatages  called  (1)  the  Ligerian,  and 
(8)  the  Angonmian. 

! Calcareous  sands  aod  suidy   limestones  with  Caliiatiassa, 
OstTta  eolimiba,  and  AaaihoceTas  Deixria. 
Yellow  sandy  chalk  with  Acanthoeenu  dtvervnda. 
Micaceous  chalk  with  fn'ond.  Wo(^gari,  Faehydiaciu  peram- 
pliti,  and  Am.  Roeh^brunei,  60  to  1000  feet. 
Marly  chalk  with  Bhynek.   Oirieri,   Inoaramus  mylUoida, 
and  Qalarita  nifrraCuiufiu,  SO  feet. 

Traced  northward  into  Normandy  these  beda  pass  into  pure 
chalk,  and  near  Souen  the  tacies  ie  the  same  aa  in  England  with  a 
thickness  of  about  200  feet.  At  the  base  is  hard  nodular  chalk 
like  our  Melboum  rock,  succeeded  by  chalk  with  Acanth.  nodotoidu, 
FrUmotropU  WoolgaH,  and  Galenia  gabroliindus,  and  thia  by  soft 
chalk  with  Terebratttlina  gradlis(  =  T.  lata),  the  higher  parts  of 
which  contain  Holaiter  plamti  and  Mierattrr  Leikn. 

SenoniaD.^Thia  name  ie  taken  from  the  district  round  Sens 
on  the  river  Yonne,  where  the  equivalent  of  our  Upper  Chalk  is 
fully  developed.  French  geologists,  however,  now  divide  it  into 
two  separate  etages,  a  lower  (Santonian  or  Emscherian)  stage, 
which  includea  the  zones  of  Micraster  corte^adinariani,  M.  eomti- 
puinum,  and  Mareiipitr*  ;  and  an  upper  (Campanian)  BtAge,  mean- 
ing the  chalk  of  the  Champa^e  country,  which  corresponds  with 
the  zones  of  Actinocamax  ipiadraftis  and  Belgmnitella  miKronaia. 
A  still  higher  zone  is  found  near  Oiply  and  Maestricht  in  Belgium 
and  in  a  small  isolated  patch  in  the  Cotentin  (Normandy).  At 
Ciply  it  includes  the  brown  phosphatic  chalk  of  that  place 
and  the  lower  part  of  the  "  tuffeau  de  Ciply,"  a  yellowish  white 
limestone,  which  is  full  of  Bryozoa,  and  contains  also  BelfmniUUa 
muerofiata,  Baculitet  Faajati,  Ustrta  larva  (  =  2unafa),  TTitcidium 
papiUatum,  and  Terebratula  car-nea.  At  Maestricht  hard  limestones 
alternating  with  soft  marls  yield  a  similar  fauna.  These  beds 
probably  correspond  with  our  Trimingham  chalk. 

Danlon  and  Montian. — These  names  have  been  given  to 
beds  which  are  found  here  and  there  at  the  summit  of  the  chalk 
in  the  Paris  basin,  in  Belgium,  and  in  Denmark. 

In  Belgium  the  higher  part  of  the  "tuffeau  de  Ciply"  is 
referred  to  the  Danian  stage,  for  it  yields  many  Gastropods  but  no 
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Cephalopoda.  In  the  adjoiDiDg  area  near  Unoa  there  is  a  atUI 
higher  depoBiC  underljing  Eocene  beds  and  characterieed  by  the 
following: — PieudoUva T<Auita,  Mitra  Devalquri,  Cm.iki'wm  montaiMe, 
C.  inopinatum,  OidarU  Tombecki,  Goniopi/giu  minor,  and  other 
Echinoderms. 

The  highest  chalk  in  the  Paris  basin  consists  of  a  ;eIlow  lime- 
stone at  the  base,  overlain  by  white  marls  and  limeatonea.  Gas- 
tropods of  the  genera  Cerilhium,  Tarriiella,  Mitra,  and  Pteudoliva 
are  the  commonest  fossils,  and  the  lacustrine  genera  Vitdpanu  and 
Phyia  also  occur,  showing  shallow  water  and  estuarine  conditions. 


7.   Mediterranean  Proctnce 

In  Southern  France  and  eastward  through  the  Alpine  region 
to  Dalmatia  the  Upper  Cretoceoua  series  has  a  very  different 
facies.  The  Albion  of  this  region  consists  mainly  of  sands  and 
sandstones,  the  Cenomanian  of  sandy  limestones  containing  (Mnto- 
Itno  {PaUUitid)  conauia  and  many  species  of  Caprina,  Oaprottna  and 
Caprinvla.  The  Turanian  and  Sctntonian  are  also  represented  by 
sBiidstonea,  sandy  limestones,  and  marls  abounding  with  other 
genera  of  irregular  Lamellibranchs,  such  as  Hippurita,  liadioliUa, 
and  SplusrJilita,  some  of  the  beds  being  known  as  Hippurite 
limestones.  These  two  divisions  reach  a  thickness  of  1600  feet 
in  some  places.  The  higher  stages  are  more  local,  but  often 
comprise  a,  great  thickness  of  strata  ;  thus  in  Provence  they  com- 
prise marly  limestones  of  Campanian  age,  succeeded  by  a  vast 
group  of  freshwater  deposits,  which  amount  to  a  thickness  of  2S00 
feet  and  yield  a  large  number  of  freshwater  and  terrestrial  shells. 
In  character  and  thickness  thia  group  (the  Oarumftien)  is  analogous 
to  the  English  Wealden. 


GEOORAPHiciL  AND  Phybioai  Conditions  of  CuETACEona  Tide 

Lower  OretaoeouB  Time. — We  have  seen  (p.  391)  that  at  the 

close  of  the  Jurasaic  period  the  greater  part  of  England  presented 
the  aspect  of  a  fertile  lowland  district  lying  between  two  areas  of 
higher  ground,  that  on  the  west  being  separated  into  several  hilly 
or  mountainous  districtB  by  prolongations  of  the  lowlands  down  the 
gap  of  the  Bristol  Channel  and  through  the  middle  of  Devon,  that 
on  the  east  presenting  more  gentle  slopes,  but  probably  rising  into 
a  high  plateau  towards  Belgium.  North-eastward  tie  lowlands 
reached  to  the  borders  of  a  sea  which  might  be  truly  called  a 
"  German  Ocean,"  since  it  occupied  not  only  the  northern  part  of 
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what  ia  now  sametimes  called  by  that  name,  but  stretched  far  to  the 
eastward  through  Qermany  itself.  From  the  centre  of  England  the 
broad  plains  of  Jurassic  deposits  extended  to  the  north-west  over 
the  space  now  occupied  by  the  Irish  Sea,  and  thence  roimd  the 
western  borders  of  Scotland. 

At  the  commencement  of  Ci«taceoiis  time  deposits  were  beinj; 
formed  in  two  separate  areas,  marine  deposits  in  Yorkshire  and 
Lincolnshire,  and  freshwater  deposits  in  the  sonth  of  England.  The 
Weslden  Beds  used  to  be  regarded  as  tiie  delta  of  a  great  river  like 
that  of  the  Nile  or  the  Mississippi,  but  these  riven  empty  themselves 
into  the  sea,  and  we  have  no  proof  that  the  Wealden  area  lay  at  the 
head  of  a  marine  gulf.  It  is  possible  that  such  was  its  situation,  but 
those  who  have  specially  studied  the  Wealden  Beds  consider  it  to  be  a 
purely  lacustrine  formation,  and  not  so  much  the  delta  of  one  river 
as  the  result  of  contribution  a  from  several  streams  emptyin-; 
themselves  into  a  lai^e  lake.*^  In  all  probability  the  lai^r 
streams  came  from  the  west  or  north-west,  and  the  exit  of  the  I^e 
was  most  probably  at  its  south-eastern  end,  because  there  is  little 
doubt  that  the  Vectian  sea  gained  access  to  the  lake-basin  from 
that  direction. 

With  regard  to  the  size  and  extent  of  the  Wealden  lake  we  can 
form  a  fairly  correct  estimate  from  the  known  extent  of  the  beds 
themselves.  We  know  that  these  extend  from  the  centre  of  Dorset 
to  the  Boulonnais,  a  distance  of  nearly  SOU  miles.  The  rapid 
thinning  out  of  the  beds  in  Dorset  shows  that  they  did  not  reach 
mnch  farther  due  west,  but  it  is  very  likely  that  the  lake  was 
prolonged  some  distance  to  the  south-west  along  the  axis  of  the 
Channel -valley,  and  there  can  be  little  doubt  that  its  waters 
covered  a  large  part  of  the  area  which  now  lies  between  England 
and  France.  It  is  not  assuming  much,  therefore,  if  we  suppose  that 
the  Wealden  Beds  spread  as  far  south  of  our  present  coast-line  as 
they  do  to  the  north  of  that  line.  Now  from  the  coast  of  Dorset 
they  are  known  to  reach  inland  for  30  miles,  and  in  Hampshire 
a  line  joining  the  Vale  of  Wardour  with  the  North  Downs  is  40 
miles  north  of  the  south  coast  of  the  Isle  of  Wight.  If,  then,  we 
assign  the  beds  an  original  length  of  200  miles  and  an  average 
breadth  of  70  mites,  we  obtain  an  area  of  about  14,000  square 
miles  for  their  original  superficial  extent. 

As  already  stated,  the  deposition  of  the  Wealden  Beds  vras 
contemporaneous  with  the  formation  of  marine  strata  in  France 
and  Oennany.  The  Germanic  sea  was  extending  itself  westward, 
and  a  gulf  connected  with  it  lay  over  the  eastern  parts  of  York- 
shire and  Lincolnshire.  At  the  same  time  the  Southern  sea  was 
gmdually  creeping  north-westward  up  the  valley  of  the  river  which 
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ran  from  the  Wealden  lake,  anil  the  distance  between  the  lake  and 
the  sea  was  graduallj  lesaened,  till  at  length  the  last  barrier  waa 
broken  through  and  the  Wealden  lake  became  the  Vectian  gulf  or 
estuary. 

The  change  from  the  lacustrine  shales  of  the  Wealden  to  the 
marine  clay  of  the  Lower  Vectian  is  Budden  and  complete  ;  there 
is  no  intercalation  of  estuarine  deposits,  and  in  this  respect  the 
change  is  like  that  from  the  TriesBic  marla  to  the  Rhsetic  Beds  ;  but 
the  actual  conditions  of  the  two  cases  were  vary  different,  the  area 
of  the  Wealden  lake  was  verf  much  smaller,  and  its  conversion 
into  a  gulf  was  not  accompanied  by  the  notable  climate  change 
which  took  ptac«  in  the  earlier  time,  when  the  Triassic  deserts  were 
converted  into  fertile  and  fortat-clad  districts.  The  land  of  Vectian 
time  was  doubtless  similar  in  climate  and  aspect  to  that  of  Wealden 
time,  and  the  plants  and  creatures  which  inhabited  the  country 
were  the  direct  descendants  of  those  that  lived  in  the  Purbeck  and 
Wealden  periods. 

For  a  certain  time  after  the  fint  invasion  of  the  Wealden  lake 
the  land  seems  to  have  been  nearly  stationary,  so  that  this  basin 
was  gradually  silted  up,  and  shallow-water  conditions  prevailed  till 
further  subsidence  took  place.  Marine  erosion,  however,  was  active, 
and,  aided  by  the  subsidence,  the  sea  spread  farther  and  farther 
over  the  ground  which  separated  the  two  gulfs,  till  at  length  the 
waves  effected  a  junction  across  the  lowest  part  of  the  intervening 
isthmus  and  invaded  the  lacustrine  area,  which  seems  at  this  time 
to  have  existed  on  the  isthmus,  and  in  which  the  Shotover  sands 
were  formed. 

The  extension  of  marine  Vectian  sands  all  across  England,  the 
frequent  occurrence  of  pebble  beds  in  them,  and  the  currentrbedding 
which  they  display,  are  facta  which  testify  to  their  rapid  accumula- 
tion under  the  influence  of  strong  currents  in  a  strait  or  channel 
connecting  the  northern  and  southern  seas.  This  channel  doubtless 
increased  in  width  so  soon  as  it  was  once  established,  but  there  is 
no  evidence  that  the  sea  bad  encroached  very  far  either  on  the 
eastern  or  western  land  before  the  formation  of  the  Qault  which 
overlaps  the  Vectian  Sands  in  both  directions. 

Upper  OretaoeouB  Time. — This  is  the  record  of  a  great 
and  prolonged  subsidence  of  the  Franco- British  region.  It 
commenced  with  the  submergence  of  the  promontory  which 
existed  on  the  site  of  our  eastern  counties  and  the  outspread  of 
the  Ganlt  muds  over  the  whole  of  South-eastern  England ;  at  the 
same  time  the  western  shore  of  the  Cretaceous  sea  was  carried  hack 
to  Devonshire,  and  doubtless  also  to  the  borders  of  Wales,  though 
subsequent  detrition  has  destroyed  all  evidence  of  the  shore-line 
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uorth  of  Devon.  From  the  present  dispoutioa  of  tlie  Crataceooa 
attuta,  however,  we  can  hardly  avoid  the  concluaion  that  the  whole 
of  Central  .Euglsnd  was  once  more  converted  mto  a  sea--bottom,  ua 
which  maily  clays  and  glauconitic  sande  were  laid  down,  juat  as 
BSch  deposits  are  now  formed  along  the  borders  of  our  great  oceaoa 
generally  within  depths  of  600  fathoms. 

The  greatest  thicknesa  of  Qault  mud  lies  along  a  band  which 
eitends  from  north-west  to  south-east,  from  Bedfordshire  and 
Buckii^hamshire  through  Surrey  and  Sossei,  and  thence  across  Uie 
Channel  to  the  departments  of  the  Marne  and  Aube  in  France. 
Hence  we  may  infer  that  the  material  was  carried  by  a  current 
which  ran  either  from  the  north-west  or  from  the  south-east.  If 
from  the  north-west  it  cannot  have  come  out  of  the  northern  sea, 
for  in  that  direction  we  find  the  Qnnlt  paaaing  into  the  concent«led 
calcareous  deposit  of  the  Red  Chalk  ;  it  might  have  come  from  a 
river  flowing  down  the  Irish  Sea  and  across  Cheshire,  but  there  is 
no  conftrmatory  evidence  of  a  great  mud-bearing  river  coming  from 
that  direction  ;  hence  we  are  driven  to  suppose  that  the  material 
was  brought  down  by  rivers  draining  the  Belgo-Germanic  land,  and 
that  it  was  carried  northward  by  a  marine  current  setting  from  the 
BOQth-east 

At  the  close  of  the  Selboroian  epoch  the  sea  must  have  stretched 
to  the  borders  of  Dartmoor  and  across  the  greater  part  of  Devon, 
leaving  Eimoor  as  an  island.  The  valley  of  the  Bristol  Channel 
was  again  a  deep  inlet  penetrating  far  westward  into  the  land,  and 
thence  the  ahore-line  probably  swept  northward  through  Qlamor^an, 
Monmouth,  Hereford,  and  iShropahire  into  the  Irish  Sea,  the  plain 
of  Cheshire  forming  a  strait  between  the  Cambro-Hibernian  land 
and  the  Pennine  promontory.  From  the  eastern  shore  of  this 
promontory  the  cooat  probably  curved  round  so  as  to  pass  eastward 
across  the  North  Sea,  for  it  is  most  probable  that  there  was  at 
this  time  a  continuous  land  connection  between  Scotland  and 
Scandinavia. 

The  Lower  Chalk  is  the  result  of  a  renewed  movement  of  subsid- 
ence which  carried  the  sea  farther  over  the  aioking  lands,  but  more 
especially  over  the  eaatern  land,  for  in  Devon  the  repreaentative  of 
this  atage  is  so  thin  and  coarsely  arenaceous  that  the  depth  of  water 
in  that  area  cannot  have  been  much  increased.  Still  we  know 
from  the  overlap  of  the  Cenomanian  deposits  in  France  that  the 
sea  did  make  further  encroachments  on  the  western  land  at  this 
time,  and  it  is  also  certain  that  the  north-western  gulf  was  more 
fully  opened  so  that  parts  of  Northern  Ireland  and  the  west  of 
Scotland  were  submerged. 

The  Lower  Chalk  is  thickest  where  it  is  most  argillaceous  or 
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motly,  and  tbe  tract  over  which  it  ha£  these  chamcters  coirespoudB 
roughly  with  that  where  the  Oault  is  thickest  but  has  a  greater 
width,  extending  from  Berkshire  and  Wiltshire  over  the  whole  of 
Soath-ea8t«m  England.  Hence  it  is  iaitly  certain  that  the  current 
which  carried  the  Oault  mud  still  brought  some  of  the  same 
material  into  the  Cenomanian  sea.  There  is  a  rapid  and  notable 
diminution  of  argiilaceoue  matter  in  the  mass  of  the  Lower  Chalk 
as  it  is  followed  westward  through  Dorset,  but  it  is  remarkable 
that  the  alliaceous  marl  of  the  Adifiocamax  plenus  beds  was 
carried  over  the  whole  of  Dorset  and  indicates  a  temporary  increase 
in  the  strength  of  the  eastern  currents. 

For  the  points  of  resemblance  and  difference  between  chalk  and 
modem  globigeiina-ooze  the  reader  is  referred  to  the  author's 
BmUiing  oj  the  British  Idea,  and  the  Qwlogicat  Survey  Memoir  on 
the  Chalk  (now  in  the  press). 

The  character  of  the  Middle  Chalk  has  led  all  observers  to  infer 
that  the  depth  of  water  was  Htill  greater  during  the  time  of  ita 
formation,  and,  as  Dr.  W.  F.  Hume  remarks,^  the  maximum 
depression  of  the  Turonian  epoch  probably  coincided  with  the 
deposition  of  the  middle  part  of  the  zone  of  Terebratuiimi  lata. 
The  chalk  of  this  zone  is  throughout  England  of  a  very  pure 
character,  consisting  of  fine  white  chalk  enclosing  minute  calcareous 
spheres,  some  scattered  Foraminifera,  and  small  particles  of  dis- 
integrated shell,  the  insoluble  matter  being  less  than  2  per  cent 
and  appearing  (when  isolated)  es  a  fine  light  brown  clay.  It  is 
thickest  in  the  south-east,  round  the  Wealden  area,  but  maintains 
a  thickness  of  80  to  100  feet  through  South  Wiltshire,  Dorset,  and 
Devon  without  any  material  change  of  character,  so  that  it  must 
have  exlfinded  far  bej'ond  the  limits  of  the  Lower  Chalk, 

The  fauna  uf  the  Chalk  Rock  and  other  facts  connected  with 
zone  of  Holaster  planus  tend  to  show  that  the  general  subsidence 
was  arrested  during  its  formation,  and  even  suggest  that  there  was 
a  reversed  movement  raising  the  sea-floor  in  England  and  in  the 
north  of  France  till  the  water  was  not  deeper  than  it  had  been  in 
the  time  of  the  Lower  Chalk.  The  entire  absence  of  anything 
comparable  to  the  Middle  Chalk  or  to  the  Chalk  Sock  In  Ireland, 
and  the  characters  of  the  white  sandstones  of  Morvern  (see  p.  44S), 
lend  support  to  this  view  that  the  formation  of  the  Upper  Chalk 
was  preceded  by  a  movement  of  elevation. 

The  subsequent  subsidence  must  have  been  more  rapid  and  still 
more  extensive  than  that  which  had  previously  taken  place,  but 
we  stilt  find  deposition  prevailing  more  in  the  east  than  tbe  west, 
foT  the  zones  of  Mieraiter  eorteatudinariwn,  M.  eorangainma,  and 
MartapiUt,  which  in  the  south-east  of  England  are  about  460  feet 
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thick,  are  represented  in  Ireland  hy  lew  than  30  feet ;  we  may 
therefore  conclude  that  the  western  region  was  never  so  deeplj 
Biibmerged  as  the  eastern. 

The  subaidencc  of  the  southern  and  eastern  areas  probably 
reached  its  masimum  during  the  formation  of  the  zones  of 
Marsajntet  and  Act.  quadraitie,  while  during  that  of  Bel.  laiuronata 
a  reTerse  movement  commenced,  the  effect  of  which  is  very 
apparent  in  Belgium  and  also  in  the  characters  of  our  Triming- 
ham  chalk.  Towards  the  close  of  the  Cretaceous  period  the 
npheaval  seems  to  faare  been  rapid,  so  that  in  Belgium  we  find 
shallow-water  deposits  with  a  fauna  of  a  mixed  Cretaceona  and 
Eocene  aspect 
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CHAPTER    XVI 

TERTIARY  OR  C«NOZOIC   TIME 
pAL£OGENK    SySTBM 

Aa  eiplained  on  p.  S2,  the  Tertiary  depoaite  are  usually  divided 
into  five  or  six  groups  with  a  nomeuclattire  based  on  the  pro- 
portional number  of  species  of  Molluscn  found  iu  each  group  that 
have  survived  to  exist  at  the  present  day.  But  the«e  groups 
cannot  he  regarded  as  BjBtems  of  the  same  pabeontological  value 
as  those  into  which  the  Mesozoic  and  Palieozoic  locks  have  been 
divided.  Only  two  such  systems  can  be  recognised  in  Csenoxoic 
time,  the  Eocejie  and  Oligocene  divisions  forming  one  system,  the 
Miocene,  Pliocetie,  and  Flei^ocent  divisions  forming  a  second- 
Tor  these  two  systems  the  German  geologist  Hoemes  proposed 
the  names  Palaeogene  aud  Neogene,  signifying  the  older  and  the 
newer  kind  of  Tertiary  life,  and  though  not  altogether  satisfactory 
names,  they  have  been  widely  adopted  on  the  European  continent. 
The  name  Ec^ene  is  used  instead  of  Paleec^ne  by  some  French 
geologists,  but  ia  too  much  like  Eocene  to  be  a  convenient  desig- 
nation, aud  the  names  used  in  the  first  edition  of  this  book, 
Hantonian  and  Icenian,  must  yield  priority  to  those  above 
mentioned. 

In  Britain  there  is  a.  decided  unconformity  between  the 
Cretaceous  and  Palseogene  syetema,  a  break  which  indicates  a 
considerable  lapse  of  time  and  a  great  change  of  physical  and 
geographic^  conditions.  We  have  seen  that  there  are  deposits 
in  France  and  Belgium  which  partially  bridge  over  this  gap, 
and  similar  deposits  may  also  have  been  formed  iu  the  British 
area,  but  if  so  they  were  destroyed  before  the  deposition  of  our 
lowest  Eocene  strata.  It  is  now  certain  that  large  tracts  of  the 
Upper  Chalk  have  been  rentovcd  from  certain  areas  either  before 
or  during  the  formation  of  the  earlier  ESocenes,  for  we  cannot 
doubt  that  the  higher  parts  of  the  chalk  weie  originally  continuous 
4GS 
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from  Hampshire  to  Norfolk,  jet  thej  do  not  now  exist  under  the 

London  basia,  and  conaeqnentj;  the  Uppei-  Chalk,  which  in  Susaei: 
is  at  least  750  feet  thick  and  in  Norfolk  is  probably  1000  feel, 
has  only  a.  thickness  of  from  250  to  300  feet  beneath  the  valley 
of  the  Thames.  Moreover,  where  the  Upper  Chalk  is  thinneat, 
the  London  Eocenes  are  thickest,  and  there  can  he  no  doubt  that 
these  Eocenes  were  deposited  in  a  broad  and  deep  trough  which 
had  been  escavat^d  out  of  the  Upper  Chalk.  The  relation  of 
this  trough  to  the  general  surface  of  the  chalk  is  indicated  in  the 
diagram,  Fig.  ISl. 

Life  op  the  Pal^ogbnb  Fxbiod 

Uooene  Life. — The  diiference  between  the  fauna  of  the  Chalk 

and  that  of  the  Eocene  is  very  great  indeed,  fur  only  one  species, 

and   that    is   a  brachiopod   (Terebrahdina  itriata),   seems   to   hare 

survived  the  change  of  conditions  in  Britain,  and  not  only  so. 


but  the  general  aspect  of  the  Eocene  fauna  is  quite  different  from 
that  of  the  Cretaceous.  The  great  reptiles  of  the  Secondary  rocks 
have  disappeared,  and  vrith  them  the  numerous  Cephalopoda  which 
are  so  characteristic  of  the  Cretaceous  sjatem- — the  Ammonites, 
Turrilites,  Baculites,  Scaphites,  Hamites,  Belemnites,  and  many 
other  genera  ;  vanished  also  ore  the  Hippurites,  Radiolites,  and 
Inooerami  of  the  chalk,  most  of  the  Cretaceous  Echinoderma,  and 
all  the  deep-seA  siliceous  sponges  (Vmtricuiiiei,  Cephalitei,  Ploco- 
tpongia,  etc). 

The  Eocene  flora  is  marked  by  the  incoming  of  Dicotyledons, 
especially  of  genera  which  now  occur  in  tropical  and  subtropical 
regions.  It  should  be  mentioned,  however,  that  many  of  the 
genera  which  now  make  their  appearance  in  Britain  occur  in  the 
higher  Cretaceous  deposits  of  the  continent.  The  flora  of  the 
'Woolwich  and  Reading  Beds  has  a  temperate  aspect ;  it  includes 
Lygodiwn  (a  fern),  leaves  like  those  of  the  poplar,  plane,  and  hazel 
{Popalia,  Plalanus,  and  Corylut),  with  some  of  Lavrtu,  Acaeia, 
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Gretrilka  and  Linodeii^Ton.  The  plants  of  tbc  London  Clay  and 
Bagehot  Sand,  on  the  other  hand,  are  those  of  a  much  vanner 
climate  ;  thej  include  leaves  and  fniitti  of  tlie  couifers  Pinvt  and 
Btquoia,  with  the  palms  ElaU,  Muia,  GaUitrit,  A'ipa,  Sabal,  and 
Arec^l ;  the  Dicotyledona  Ficiu,  Aralia,  Dryandra,  Cmna,  and 
CtKialpina,  Eiicatypltis,  Magnolia,  Caetits,  and  many  kinds  of 
Leguminota:  In  ihe  Bournemouth  Beds  a  still  larger  number 
occar,  and  form  a  different  assemblage,  but  ntill  one  of  Bub-tropical 
aspect ;  this  includes  ferns  of  the  genera  Otmunda,  Chrytodi-um,  Pttrie, 
and  Gkichenia ;  the  palniH  Sabal,  Iriartea,  Flabcllaria,  and  PArFnteilo, 
and  the  Dicotyledona  Dryandra,  EwalyptuM,  Palmantu  (n  caolUB), 
»'ith  fruits  of  Highlia  and  Anona. 

Of  invertebrate  animals  the  following  are  some  of  the  genera 
which  now  make  their  appearance  in  Britain,  though  aome  of  the 
gastropods  really  date  front  the  Upper  Cretaceous  beds  of  Europe: — 

Protoaxi.  AlvealioH,  MiUoliaa,  Nunimulites,  Triloculins. 

AetinMoa.  BsUDOpliyllia,      Dendrnphyllia,     Licliarea,      Madrepora. 

Oculiua,  Paraoyathus,  Solenaatrea,  Turbinolia. 
JSchiTKtderma.     Schiuster,  SpBtangus. 

Cmalaeta.  DromilitcB,  Hithracia,  Portnnites.  Xanthopsia. 

Lamtllibranehia.  Dinlodonta,    Glycimeria,    PanopeB,    Fotamomva,   San- 

gumokria,  Verticordia. 
Oa^ropoda.        AnciUarin,  Cancellaria,  Cassii,  Conus,  Conorbis,  Cypncs, 

Fftsoiolaria,  Marginella.  Olita,  Pyrula,  Kostellaria,  Tri- 

toDium,  TrophoD,  Typhis,  Xenophora. 
Cephalopoda.      Aturia,  Belopt«ra,  Bcloscpia. 

Vertebtate  animals  now  become  abundant,  the  fonr  great 
classes  of  fish,  birds,  i-eptiles,  and  mammals  being  all  well  repre- 
sented. The  following  are  some  of  the  genera  fonnd  in  the 
Eocene  series  of  England  and  France  : — 

Fish.  Myliobatia,    jEtobatis,    Fristis  ;    LepidostsuB,    Pbyllodus ; 

Cceloponia,  GoniognatliUH,  Dictyodus )  Eurygnatlius, 
Percostoiiia.  Scifenuma,  and  others. 

Ileptila.  (iarialis  (a  CrucoiiiU);  Lacerta  (a  liuril);  PaltraphiB  (a  sea- 

snake}:  Trionyx,  Lytoloina,  ArpUociielya,  (tortoises). 

Ave0.  Argillomis.  Dssomis,   Gantomis,   Halcyomis,    Eupteromis, 

Lithomis,  Odontapteryx,  all  large  birds.  Oilontoptecyx 
had  a  large  beak  furnished  nith  tooth-like  processes. 

Mammalia. — These  deserve  more  special  description.  Mar- 
supials of  the  genus  IHdelphya  were  common,  and  with  these 
are  carnivores  {Aretoajon  and  Paiironielit)  with  strong  marsupial 
affinities,  but  believed  to  be  really  placeiitals  ;  a  little  later  appear 
other  camivora,  Amphicyon,  Pterodon,  and  Proviwrra.  The  earliest 
known  ungulate  is  Coryphodon,  a  primitive  tapir  from  the  Woolwich 
Beds  and  London  Clay.      A  little  later  other  genera  appeared, 
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Lophiodoa,  PaliEothemim,  Paloplolherium,  all  related  to  tapirs 
and  rhinocerosea,  with  Hyracotheriam,  which  combined  characters 
now  found  in  the  cone;  {Hyrax)  and  In  the  pigs.  Other  hog-tike 
animals  {Hyopotamut)  appear  in  the  Upper  Eocene  and  become 
commott  in  Oligocene  time.  There  were  also  primitive  hornless 
forms  of  deer  or  antelope  named  IXchodtm  and  Ampkitragalut. 
The  rodents  were  represented  bj  Tkeridamyi  and  Sciuroiday  and 
the  Primates  hj  the  Lemuroid  MicrochcBrui, 

Oligooene  Life. — The  Oligocene  flora  does  not  differ  in  any 
great  degree  from  that  of  Upper  Eocene  time ;  species  of  Sequoia 
are  still  abundant ;  palms  are  common ;  leaves  of  cinnamons, 
laurels,  figs,  caraphor-treea,  acacias,  chestnuts,  and  other  trees  occur. 

The  invertebrate  fauna  is  not  large  and  is  a  direct  development 
from  the  Eocene  fauna,  the  genera  being  all  survivors  from  the 
Eocene.  Echinoderma  were  not  abundant  in  our  northern  seas, 
but  were  common,  in  the  Mediterranean  area,  especially  forms  of  the 
genera  Ediinolampag,  Echinocyamm,  and  CalopUunti. 

Of  Vertebrates  the  Mammalia  deserve  special  attention.  A  few 
genera  such  as  Palaotk«riiim,  Hyopotamui,  and  Dichodon  survive 
from  the  Eocene,  but  a  large  number  of  new  genera  make  theii 
appearance  in  the  gypsum  beds  of  Potis  which  correspond  to  our 
Headon  Beds  and  form  the  Lower  Oligocene  of  English  and  German 
geologists.  Prominent  among  these  is  AnoplolheriMm,  an  ungulate 
of  comprehensive  type,  combining  characters  now  found  in  the  tapir, 
pig,  and  horse.  There  were  several  species,  the  largest  being  about  the 
size  of  a  donkey,  and  having  a  long  thick  and  strong  tail  which  may 
have  assisted  him  in  swimming.  ATichitlunuvi,  r^arded  as  an 
ancestor  of  the  horse,  was  no  larger  than  a  sheep,  and  had  three 
hoofs  on  each  foot,  dueropolajniu  is  snpposed  to  have  been  a 
river  hog.  Xiphodon  and  Cainotherium  were  hornlesiH  forms  of 
antelopes,  and  Hyitnodon  one  of  the  early  carnivores  resembling 
the  marsupial  wolf  of  Tasmania.  In  Southern  France  the  jaw  of  a 
lemur  (Adapit)  has  been  found. 

In  higher  Oligocene  deposits  corresponding  to  oar  Bembridge 
and  Hampstead  Beds  other  genera  have  been  discovered,  such  as 
AnthToaitheriwm,  an  ungulate  remarkable  for  its  strong  canine 
teeth,  and  presenting  several  species  which  vary  from  the  size  of  a 
tog  to  ihat  of  a  hippopotamus.  This  beast  and  species  of 
Hyopolataua  are  very  abundant  in  the  higher  Oligocene.  Other 
genera  now  appearing  are  DacrytheriTim,  DreiTiotliermm,  Entelodon, 
(all  ruminants),  the  small  carnivora  Pieudalurus,  Plaictii,  and 
Lvirietit,  and  toward  the  close  of  the  period  the  genus  Tapinu 
with  probably  Rhiiuxeroi.  No  Proboscidea  have  yet  been  found  in 
beds  of  Oligocene  s^e. 
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A.  Eocene  Series 


(Geographical    Extent. — The    present    disposition    of    the 

Cretaceous  outcrops  in  England  anU  the  restricted  geographical 
extent  of  the  Eocene  deposits  are  both  due  to  the  disturbutces  and 
upheavals  which  took  place  in  pogt-01i);oc«ne  times.  These 
established  a,  series  of  east  and  west  flexures,  and  as  tbe  Palieogene 
deposits  have  been  removed  from  the  antlcliaals,  the  parte  which 
remain  occupy  two  synclinal  areas  or  basins  which  are  known 
respectively  as  the  London  and  the  Hampshire  Basins. 

A  glance  at  any  geological  map,  or  at  the  sketch-map.  Fig.  157, 
will  show  the  extent  of  the  Paheogene  deposits  in  these  two  areas. 
The  London  Basin  extends  from  Hungerford  in  Berkshire  to 
Reculvers  in  Kent,  and  its  northern  boundary  passes  from  Read- 
ing through  the  counties  of  Buckingham,  Hertford,  and  Essex  to 
near  Framlingham  in  Suffolk,  where  the  influence  of  the  syncline 
dies  out  and  tlie  boundary  line  then  runs  northward  to  the  west 
of  Yarmouth.  Its  length  from  Hungerford  to  Recnlvers  is  about 
120  miles,  and  its  width  from  Sudbury  to  Canterbury  is  nearly 
GO  miles,  but  this  is  probably  less  than  half  its  actual  extent,  tlie 
rest  of  the  basin  being  concealed  by  the  waters  of  the  North  Sea. 

The  Hampshire  Basin  is  mach  smaller,  and  lies  in  a  troogh 
between  the  anticlinal  axis  of  Winchester  on  the  north,  and  the 
monoclinal  of  Purbeck  and  the  Isle  of  Wight  on  the  soath,  and  its 
extreme  width  is,  therefore,  only  25  miles,  while  its  length  from 
Dorchester  to  near  Worthing  in  Sussex  is  about  60  miles,  with  an 
outlier  at  Newhaven  nearly  20  miles  farther  east 

There  is  evidence,  however,  of  the  original  extension  of  the 
Eocene  through  Dorset  and  East  Devon,  and  a  small  outlying  tract 
of  Eocene  still  exists  near  Bovey  Tracey  in  Devon. 

In  Ireland  freshwater  beds  of  Eocene  age  are  interstratified  with 
the  Kreat  sheets  of  basaltic  lava  which  cover  so  targe  an  area  in 
Antrim  and  Derry.  In  Scotland  a  similar  set  of  larais,  also  with 
intercalated  freshwater  beds,  attains  a  great  thickness  in  the  islands 
of  the  Inner  Hebrides  (Mull,  Skye,  etc.). 

SubdiviBlons. — The  labours  of  Prestwich,  Whitaker,  and 
others  have  made  ua  well  acq^uainted  with  the  general  succession  of 
the  Eocene  series,  but  it  must  be  remembered  that  up  to  the  year 
1680  the  Eocene  of  British  geologists  included  what  is  now  known 
as  the  Oligocene,  and  it  was  not  till  1888  that  the  Oligocene  series 
was  adopted  in  the  publications  of  the  Geological  Survey.  The 
following  are  the  subdivisionB  of  the  Eocene  series  now  recognised 
in  the  London  and  Hampshire  Basins,  and  they  can  be  grouped 
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into   Lower  and  Upper   Eocene,  but  the  creation   of  a   Middle 
Eocene  is  quite  unneceasarjr. 


{!  Wanting. 
Br&cklea-/SaiidBat)olit200 

ham      \Clajs  ,,  SO 

fBagshot  BedB .  „  ISO 

London  Clay   .  ,,  400 
Woolwich      and 

Readiog  Bflds  „  SO 


Hiiupahire  Buin  (lilt  ot  ffight). 

/BartooSanda  .  .  I20to2! 

\BartonClay     ,  .  224  to  1^ 

/Bracklesham  and 

\     Bournemouth  B«da  555  to  5( 

Bagshot  Bflds      .  .  243  to  ^ 

London  Clay  .  230  to  3'. 

Reading  Beds  SO  to  II 


Oharaoteriatlc  Fossils. — The  following  arc  Bome  of  the 
commoner  and  moat  characteristic  apeciea  of  invertebrates  found  in 
the  marine  and  eatuarine  deposits  of  the  Eocene  series : — 

Fomili  0/  the  Thanet  BaU 
Lanultibranchia.  Protocardium  Laytcni,  Corbula  regnlbiensis,  CucuUoa 
dscussata,   Pectmiculus  tereliratularifi,   Cyprinaplansta, 
Pholadomya  cuneata. 
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Aporrhiii  Sowerbyi,  Trophon  Bubnodosos,  ScaUria  Bonei 
banki. 

Foitiit  of  the  Woolwich  and  Stading  Btda 


Potamidei  funatus,  Calyptrea  a^rta  (  =  trochiformis), 
Helanopaia  buccinoidea,  Melania  inqoinat*,  Neritina 
globulUB,  Fitharella  Bickmini. 

Fosfili  of  iht  London  day 
Ditnipa  plana,  Vermicularia  bognorientu. 
Hoploparia  Belli,  XantbopetB  Leachl. 
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BToehiopoda.  Liogul*  tcDuis,  Terebrfttulioa  atriatuU. 

Iiaiatll^iTanehia.  CardiU    BroQgniarti,   Axicus   angalatna,   PhaI&doniy& 

mBrgaritacea,    Yiaaa  iliinia,   Modiola  elegans,   Panop«a 

iatennedU,  Fectunculus  tlecussatiu. 


a.  Hlpi  slliptlci  (rniit>. 

b.  Haploparia  BelU. 

c.  Cudlta  BnngnJirtl. 


PleurotomiL  prIticL 


/.  CualBBt 


p.  Pleur 
A.  VolQt 


Qaitropoda.     AporrhaL 

Pleuro(         .         ,     . 
Cephalopixla.  Nautiliu  impemliii,  N.  regalia,  Aturia  xiczac. 

Foailt  of  the  BnuieUtham  Bedi 
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Zamttlibrantkia.  Area  bion^U,  Pecteo  comeua,  CardiU  plonicoata,  Soten 
obliqaus,  Siuigainolaria  HoUowayai,  Chama  Bqnomou, 
PeotunculDS  pulvinatua. 

Oattropoda.  Fusua  longffivua,  F.  pjnis  (range  ioto  Barton  bedsJ.'Cypriea 
Coombii,  Ceritbinm  gigaateum,   TuniUlla   imbrica^ria, 

T,    aulcifem,  Conus   Jeperditns,   Pleurotoma   f" '- 

Voluta  nodosa,  V.  spinosa. 


e.  Oatrea  ajtbellDlB. 


FoasiU  o/lht  BarUm  Beds 

FroUKoa.  NummuliUs  ekgana. 
Echinodcroia.  Schizaater  d'Ucbani. 
Zamefft&raneAj.  Cardita  sulcata,  Craaaiitulla  sulcata,  Cardiuin  [loruloauo], 

Corbola  pisum,  Pacten  recouditna,  Pectunculus  delBtos, 

SaiiKuinolaria  comprcsaa. 
OaitTopoda.     RoHtoQaria  ampla,  Riraella  riniosa.  Genua  {Conorbis)  dormitor, 


Xenophor: 


a  Brandon. 
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STBATIOR&PHy 
1.  The  London  Basin 
The  Lower  Eocene  u  more  full;  developed  in  the  London  basin 
than  in  Hampshire  and  includes  the  loweat  division  (Thanet  beds), 
vfhich  does  not  occur  in  Hampshire  (see  table  on  p.  463).  On  the 
other  hand,  the  Upper  Eocene  is  thin  and  poorly  developed  in  this 
district,  and  occupies  but  a  small  area. 

The  Thanet  Beds,  es  their  name  implies,  are  well  developed 


tig.  lM.-TOmilB  Ot  THi:  BBACELUHU)  ASD  BABTON  BEUa. 

a.  Voluta  HlhleU.  d.  Oliva  BnincJi'ri. 

b.  CoDDB  dBperditui.  e.  Ancllli  buccinoldeii. 

in  the  Isle  of  Thanet.  They  consist  mainly  of  pale-coloured  sands, 
the  lowest  part  being  always  argillaceous  and  full  of  dark  green 
glauconitic  grains,  while  at  the  base,  and  resting  on  the  chalk, 
there  is  invariably  a  layer  of  unifom  green-coated  flints.  Tliese 
flints  show  no  signs  of  attrition,  and  are  believed  to  have  been 
derived  directly  from  the  underlying  chalk,  not  by  mechanical 
erosion,  but  by  chemical  solution,  through  the  agency  of  carbonated 
water  percolating  through  the  sands  and  dissolving  the  subjacent 
chalk,  but  leaving  the  insoluble  flints  behind,  so  that  a  layer  of 
these  nodules  has  gradually  accumulated  at  the  base  of  the  sand, 
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but  was  not  there  when  the  sands  were  originally  deposited.  This 
supposition  is  confirmed  bj  the  fact  that  no  fossils  occur  in  this 
basement  bed,  whereas  if  the  flints  had  ever  Iain  on  a  sea-bottom 
small  oysters,  serpuls,  etc.,  would  certainly  have  fiied  themselves 
on  to  snch  favouiable  surfaces  for  attachment. 

In  East  Kent  the  greater  part  of  this  stage  consists  of  greenish 
sandy  marl  (50  or  60  feet),  overlain  by  sharp  greenish  gray  sand 
(30  to  40  feet),  and  both  beds  contain  many  fossils  (see  p.  463)  i 
the  best  exposure  is  in  the  clilTs  of  Pegwell  Bay  near  Ramsgate, 
and  this  is  illustrated  in  Fig.  158.  It  is  also  seen  at  Reculvers 
on  the  north  coast  of  Kent.  Westward  the  sandy  marl  passes  into 
fine  soft  pale  green  or  buff  sand  (ai^illaceous  at  the  base),  while 
the  upper  sands  appear  to  thin  out,  so  that  in  the  west  of  Kent 
the  whole  is  not  more  than  50  feet  thick  ;  this  type  of  the  Thanet 
Beds  is  well  exposed  in  the  pits  near  Woolwich  and  Charlton,  but 
contains  no  fossils.  Thence  the  outcrop  runs  by  Crayford  and 
Croydon  to  Epsom,  where  the  sands  are  only  15  feet  thick,  thinning 
out  entirely  near  Ashstead.' 

The  Thanet  Beds  thin  northward  as  well  as  westward,  for 
though  well-sections  at  Chelmsford  and  Braintree  show  them  to  be 
about  30  feet  thick,  at  their  outcrop  near  Sudbury  they  are  only 
16  feet,  and  they  thin  out  rapidly  eastward  and  sJso  to  the  west 
near  Oestingthorpe  in  Essex. 

The  Woolwich,  ReadtoET,  and  Oldhaven  Beds. — These 
form  a  much  more  variable  group,  and  exhibit  three  different  facjes  as 
they  are  traced  from  east  to  west ;— (1)  the  marine  type,  consisting 
of  gray  sands  with  marine  shells,  is  only  found  in  East  Kent ;  (2) 
the  estuarine  or  M^oolvrich  type  occurs  in  West  Kent  and  East 
Surrey,  and  consists  of  sands,  clays,  and  pebble  beds,  with  estuarine 
and  freshwater  shells ;  (3)  the  Etading  type  of  the  western  and 
northern  tracts  consists  of  unfossiliferous  variegated  plastic  clays 
and  bright- coloured  sand  a 

Overlying  the  marine  and  estuarine  beds  of  the  Woolwich  group 
in  Kent  and  Surrey  are  pebbly  sands  and  pebble  beds,  from  10 
to  50  feet  thick,  which  are  termed  the  Oldhaven  or  Blackhealh  bedi 
by  Mr.  Whitaker,  and  are  grouped  by  him  as  a  third  division  of  the 
Lower  London  Tertiaries.  Their  stratigraphical  extent,  however, 
is  not  great,  and  their  palceontological  importance  is  small,  so  that 
they  hardly  seem  entitled  to  rank  as  a  primary  division.  Prest- 
wich  was  of  opinion  that  they  should  be  classed  either  with  the 
Woolwich  Beds  or  with  the  London  Clay,  and  since  at  Charlton  and 
Sundridge  they  contain  many  estuarine  shells  of  Woolwich  species 
their  fauna  seems  to  connect  them  rather  with  the  lower  beds  than 
with  the  London  Clay, 
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The  coast  near  RecQlveTS  in  Kent  fumielies  e,  good  eectioo  of  the 
marine  tjpe  of  this  group,  hs  follows  : — 

Feet. 
OWtaven  Beds. — Gray  and  baff  bbdiIb,  haldened  in  (ilaces  into  a 

fsmigiDoiis  Baadat<ine ;  a  layer  of  pebbles  at  base         ...        20 
WoolvncK  iterfa,— Pale    gray   Band    with   shmrlis'   teeth,   Carbula 
reffulbietuU,  Proiocardium,  Laytoiii,  Cyprina  Morrisi,  ate  .        .         25 

Near  Milton  estuarine  beds  come  in  near  the  middle  of  the 
Woolwich  beds,  and  at  Upnor  on  the  Medway  the  general  succession 
is  the  following  : — 

YvA. 
Oldhavea  Beds.—Saixds  with  marine  ahella  aiid   a  layer  or 

pebbles 8  to  IG 

l"  Light- coloured  sands  with  clayey  seam^  up  to  16 

Wootvneh,     I  Clays  with  estuarine  shells ,6 

Beda         1  Sands,  chiefly  of  a  psle  green  colour        .         ,  «      30 

iLayer  of  black  flint  pebbles    ....  „       1 

Aboat  eO 

At  and  near  Lewisham  the  Oldhaven  Beds  are  very  thin,  but  the 
Woolwich  Beds  are  50  feet  thick  and  have  sandy  pebble  beds  in  the 
lower  part  (20  feet  thick).  At  Woolwich,  on  the  other  hand,  there 
are  only  a  few  pebbles  at  the  base  and  a  great  development  of 
pebble  beds  at  the  top ;  these  are  known  as  the  Blackheath  Beds, 
and  rest  on  an  eroded  surface  of  tlie  Upper  Woolwich  sands. 

The  Blackheath  Pebble  Beds  do  not  eitend  west  of  Croydon, 
and  ate  not  found  aluni:;  the  northern  edge  of  the  London  basin. 
The  pebbles  composing  them  are  all  well-worn  and  rounded  flints 
without  any  subangular  pebbles  such  as  occur  on  our  shingle  beaches ; 
hence  Mr.  Whitaker  concludes  that  they  were  not  laid  down  in 
beaches,  but  were  deposited  by  strong  currents  at  some  little 
distance  from  the  shore,  and  hia  view  is  confirmed  by  the  frequency 
of  current  bedding. 

Beds  of  mottled,  plastic  clay  begin  to  appear  in  West  Kent  near 
the  base,  and  these  increase  westward  through  Surrey,  the  ahell- 
bcaring  beds  gradually  dying  out,  till  in  Hampshire  and  Berkshire 
they  consist  entirely  of  mottled  clays,  in  tints  of  red,  yellow,  gray, 
purple,  and  green,  associated  with  beds  of  red,  yellow,  and  white 
sand.  These  are  known  as  the  Reading  Beds,  and  marine  fossils 
only  occur  in  the  basement  bed,  the  only  fossils  in  the  mottled 
clays  being  leaves  of  plants.  Near  Reading  the  following  auccessioii 
is  found : — 

Pfift. 

Mottled  claja 40  to  SO 

Yellow  and  white  sands 20  to  30 

Bottom-bed  with  marine  fossils  .         .         .       5  to    S 
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Beds  of  the  some  (Reading)  tjpe  range  along  the  northern  lip  of 
the  baain  through  Herts  and  Essex,  bat  include  some  pebble  beds 
which  are  occasionally  concreted  inta  the  kind  of  conglomerate 
known  as  "  plum -pud  ding  stone."  Near  Sudbury  the  Reading 
beds  are  thin,  but  extend  eastward  as  far  as  the  Talle;  of  tbe 
Deben  north  of  Woodbridge,  whence  their  boundary  line  probably 
turns  northward,  but  the  ontcrop  is  concealed  beneath  the  Pliocene 
deposits. 

The  London  Olajr  forms  the  third  division  of  the  London 
Tertiariea,  and  occupies  broad  areas  both  on  tbe  north  and  south 
side  of  tbe  Thames  Valley.  It  is  of  much  more  uniform  composi- 
tion tban  the  lower  group,  the  mass  of  it  consisting  of  stiff  bluish 
clay  with  layers  of  septarinn  nodules.  Its  thickness  near  London 
is  between  400  and  800  feet,  but  it  thins  gradually  westward  to 
about  270  at  Wokingham,  50  near  Newbury  and  Hungerford,  and 
only  15  in  the  outlier  of  Qreat  Bedwin  in  Wiltshire,  but  this  rapid 
thinning  may  bo  only  apparent,  and  due  in  reality  to  a  replacement 
by  sand  of  the  Bggshot  type. 

The  basement  bed  is  of  a  different  character  to  the  rest, 
consisting  of  brown,  gray,  or  greenish  sand  and  sandy  clay,  in  which 
are  scattered  many  rolled  flint  pebbles  ;  these  pebbles  are  always 
black,  and  sometimes  have  the  remarkable  peculiarity  of  falling 
into  fragments  when  tapped  by  a  hammer,  for  though  to  the  eye 
they  seem  compact,  they  appear  to  be  really  traversed  by  a  multitude 
of  invisible  cracks.  This  basement  bed  is  generally  from  6  to  12 
feet  thick,  and  it  often  contains  fossils,  of  which  tbe  chief  ere 
Aparrhaii  Sowerbyi,  CahjptTta  aperta  ( =  tTixhifannU),  Cytkerea 
obliqua,  Panopita  interToedia,   Pectiincuius  brevirostriif  and  Dihvpa 

The  surface  colour  of  the  overlying  mass  of  clay  is  generally 
brown,  but  this  is  due  to  the  oxidation  of  the  iron  it  contains  by 
exposure  to  the  weather  ;  its  normal  tint  in  deep  wells  and  borings 
is  a  bluish  gray  or  slate  colour. 

Fossils  are  not  common  throughout  the  London  Clay,  but  some- 
times occur  in  great  profusion,  especially  where  beds  of  sandy  clay 
occur.  The  cliffs  of  the  Isle  of  Sheppey  are  noted  for  the  fossils 
they  yield ;  plant-remains  are  there  especially  abundant,  and  bones 
of  birds,  turtles,  and  snakes  have  also  been  found  (see  ante,  p.  460). 

Bogshot  Sands. — These  beds  occupy  a  much  smaller  space 
than  the  London  Clay  because  they  have  been  removed  from  the 
greater  part  of  its  surface  by  subsequent  detrition  and  erosion,  but 
there  is  good  reason  to  believe  that  they  were  not  only  coextensive 
with  the  London  Clay  but  spread  beyond  its  original  borders.  The 
chief  remaining  tract  of  Bagshot  Sand  is  an  area  about  S4  miles  in 
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length  with  a  breadth  of  abont  10  of  12  miles,  and  occupying  parts 
of  Berkshire,  Hampshire,  and  Surrey.  Atdershot,  Famborough, 
Bagshot,  Wokinghaoi,  Ascot,  and  Cobham  all  lie  within  this«iea. 
Westward  there  are  several  outlying  tracts,  some  large  and  some 
small ;  and  north  of  the  Thames  in  Middlesex  ara  three  small 
outliers  capping  Harrow,  Hampstead,  and  Highgate  Hills  (see  Fig. 
160).     Other  patches  occur  in  Essex,  the  principal  one  near  Brent- 

The  extreme  thickness  of  these  sands  in  the  Bagshot  and 
Famborough  country  is  irom  130  to  150  feet,  the  London  clay  in 
the  same  district  being  about  330  feet,  Westwnrd  at  Ramsdell,  in 
the  outlier  between  Basingstoke  and  the  valley  of  the  Rennet,  there 
is  a  bed  of  brown  clay  very  like  London  clay  and  30  feet  thick  in 
the  lower  part  of  the  Bt^hot  sand,  or  it  may  be  said  that  there  is 
a  bed  of  sand  in  the  upper  part  of  the  London  clay,  suggesting  the 
view  that  there  is  a  replacement  of  tiiat  day  by  sand  in  the  west 
of  the  London  basin. 

The  BraokleBham  Beda  (formerly  called  Middle  Bagshot 
Beds)  consist  of  brown  laminated  clays  at  the  base,  overlain  by  dark 
green  clayey  sand  from  IS  to  20  feet  thick,  and  succeeded  by  a 
variable  set  of  greenish  Bands  with  bands  of  clay,  the  total  thickness 
varyii^  from  40  to  80  feet.  These  beds  have  yielded  a  few  fossils, 
Fiitru  longavui,  Turritella  nUcifera,  Ciirdiiaplamcoeta,Peclen  comeiu, 
Oftrea  flahellula,  Corbula  ttriata,  Nummulila  lavigatus,  and  many 
fish  teeth,  Lamna  ohHqaa,  OaTcharodon  aun'culiifuj,  etc. 

Above  the  clays  h  a  mass  of  sands  formerly  called  the  Upper 
Bagshot  Sand,  but  now  referred  to  the  Erackleaham  group.  At 
the  base  is  a  layer  of  small  flint  pebbles,  and  the  fine  yellow  and 
white  sands  which  succeed  are  the  highest  Eocene  beds  that  occar 
in  the  London  basin.  Their  thickness  appears  to  be  over  200  feet, 
for  in  a  boring  at  the  Albert  Asylum,  Bagshot,  their  depth  proved 
to  be  226  feet.^  These  sands  are  irregularly  bedded,  and  contain 
in  the  upper  part  blocks  of  white  saccharoid  sandstone,  which, 
when  weathered  out,  are  known  as  "gray-wethers"  ;  these  masses 
are  sometimes  10  to  14  feet  long,  and  3  or  4  deep,  and  they 
often  enclose  flint  pebbles.  Organic  remains  are  rare,  but  here  and 
there  are  casts  of  shells,  and  abotit  forty-eight  species  were  obtained 
by  Mr.  Monckton  from  the  Tunnel  Hill  cutting  near  Pirbright  on 
the  South-Western  Railway.  Among  these  the  commonest  were 
Rimella  riT/ioia,  Natica  patula,  Tmritdla  imbricataria,  Ostrea 
fabellula,  PttUn  reconditaa,  Cardila  mUaUi,  Lttcirta  milit,  TtUina 
icaloToida,  and  Corbula  pitum,  a  fauna  which  Mr.  Monckton 
r^ards  as  indicative  of  a  Barton  age  for  these  sands,  but  most  of 
the  species  occur  also  in  Bracklesham  beds, 
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2,   HampihiTe  Batiii 

The  most  complete  BectionB  of  the  Eocene  series  ia  the  basin 
are  fouad  in  Alum  and  Whitecliff  Baya  at  the  eastern  and  western 
ends  of  the  Isle  of  Wight  (see  map,  Fig.  146),  but  the  central 
and  apper  portions  of  the  series,  hein^  more  fossiliferoua  at  certain 
places  oil  the  opposite  coast  of  Hampshire,  take  their  names  from 
those  places,  e.g.  Bournemouth,  Brackleaham,  and  Barton  Beds. 

In  the  Isle  of  Wight  the  heds  are  thrown  up  on  end  into  a 
nearly  vertical  position  (see  Fig.  161),  and  the  thicknesses  of  the 
several  dlvisiona  con  thus  be  e^isily  measured. 

Reading' Beds. — This  group  is  the  lowest  member  of  the  series, 
for  the  Thaiiet  Beds  have  not  heen  found  in  any  part  of  the  Hamp- 
shire Basin.  The  Reading  Beds  consist  almost  entirely  of  bright  red 
and  white  mottled  clays  with  several  layers  of  brown  sand,  one  of 
these  being  at  the  base  and  restin;^  on  the  chalk.  No  fossils  except 
fragments  of  plants  have  yet  been  found  in  theae  clays,  and  they 
do  not  therefore  seera  to  be  of  marine  origin.  Their  thickness  in 
WhiteclifF  Bay  is  163  feet,  at  Alum  Bay  84  feet,  and  they  are  still 
from  70  to  80  feet  thick  in  Dorsut  near  Bare  Itegis.  Near 
Dorchester  they  include  beds  of  sand  and  of  snbttngiilar  gravel 
consisting  of  Chalk  flints  and  Creensand  chert. 

London  Olay. — With  the  exception  of  an  outlier  at  Newhaven, 
the  most  eosteriy  exposure  of  this  division  in  this  area  is  at  Bognor 
in  Sussex,  where  beds  of  clay  and  calcareous  sandstone,  highly 
fossiliferous,  are  e.vposed  on  the  shore,  and  are  supposed  to  belong 
to  the  lower  part  of  the  London  Clay. 

Borings  at  Portsmouth  Dockyard  below  the  summit  of  the 
formation  proved  a  thickness  of  S90  feet,  and  exposures  made  in 
extending  that  dockyard  from  1868  to  1870  were  described  by 
Mr.  Meyer,*  who  found  the  clay  divisible  into  throe  parts,  each 
commencing  with  a  layer  of  pebbles  and  passing  upward  from 
stiff  clays  into  sandy  clays.  The  lowest  zone  is  about  100  feet 
thick,  the  middle  zone  has  a  thickness  of  1 31  feet,  and  the  sandy 
beds  in  the  upper  part  of  this  yielded  many  fossils.  The  upper- 
most zone  consists  mainly  of  clays  containing  Oyprina  ])lanaUi, 
Pholodomya  miirgaritiicea,  BoiUUaria  lacida,  and  other  species. 

In  the  Isle  of  Wight  the  London  clay  ia  about  320  feel  thick 
at  Whiteclill  Bay,  but  only  230  at  Alum  Bay.*  In  Whitecliff 
Bay  the  basement  pebble  bed  is  2  inches  thick,  and  about  35 
feet  higher  there  is  a  zone  of  Panopaa  intermedia  and  Pholadomya 
margarilacea,  and  at  120  a  bond  of  large  oysters.  According  to 
Mr.  Meyer  this  oyster  bed  is  about  the  same  horizon  as  the  lower 
pebble  bed  at  Portsmouth.     The  beds  above  it  consist  mainly  of 
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stiff  brown  claya  with  Panopcca  inUrmedia,  Cyprma  pianola,  and 
Gytherea  tmmxtriala,  and  Pinna  afmii.  At  262  feet  from  the  base 
there  is  a  layer  of  black  ftint  pebbles,  and  above  thia  are  sandy 
and  lamiiiated  clays. 

In  Dorset  the  London  Clay  coosista  chiefly  of  brown  sandy  loam 
with  seams  of  sandy  ironstone  and  a  bed  of  flint  pebbles  at  the  base. 
Its  thickness  in  the  Purbeck  district  is  from  70  to  80  feet,  but  it 
thins  westward,  and  ia  finally  overlapped  by  the  Bagshot  beds  near 
Dorchester. 

Bagshot  Bads. — These  are  bright  yellow  and  white  sands 
with  bands  of  gray  laminated  eand  and  clay  and  (in  the  upper 
part)  layers  of  white  pipe-clay,  which  contain  leaves  and  Btalka  of 
plants  belonging  to  the  genera  Aralict,  Cistaipinia,  GonipUittia, 
Dryavdra,  FicvA,  Laurut,  Qv^cus,  and  other  Dicotyledons.  Ferns 
are  rare  in  the  Isle  of  Wight,  but  Chryiodium  lavseanum  aboundB  at 
Studland  in  DomeL  This  flora  indicates  a  warmer  climate  than 
that  of  the  Beading  beds. 

There  is  much  diflerenCe  of  opinion  as  to  the  thickness 
assignable  to  these  beds  in  the  Alum  Bay  section  ;  the  Geological 
Survey  classes  all  the  sands  and  clays  which  do  not  yield  marine 
fossils  as  Lower  Bagshot,  and  these  amount  to  662  feet  Mr.  J.  S. 
Gardner,^  however,  has  shown  that  the  special  Bagshot  flora  does 
not  occur  above  the  pipe-clays,  and  that  the  higher  beds  at 
Bournemouth  contain  a  very  different  flora.  He  also  thot^ht  that 
the  lower  part  of  these  aands  replaced  the  upper  part  of  the  London 
Clay,  but  if  the  latter  is  restricted  to  233  feet,  the  Bagshot  sands 
will  have  a  thickness  of  243  feet  at  Alum  Bay,  but  decrease  east- 
ward till  they  are  only  98  feet  in  Whitecliff  Bay. 

At  Studland  and  Corfe  in  Dorset  the  Bagshot  beds  have  the 
same  focies,  but  westward  they  pass  into  coarse  subangular  gravels, 
which  near  Dorchester  overlap  both  London  clay  and  Reading 
beds  BO  as  to  rest  directly  on  the  chalk.  These  gravels  contain 
pebbles  of  Chalk  flint,  Greensand  chertj  and  Purbeck  marble,  with 
many  of  quartz  and  of  Palieozoic  rocks  probably  derived  from  the 
Permian  breccias  of  Devonshire.  Still  farther  west  they  overstep 
the  chalk  and  rest  on  the  Selbomian  sands. 

Braoklesham  BedB.— These  beds  received  their  name  from 
Bracklesham  Bay  in  Sussex,  where  they  contain  marine  shells 
throughout  their  whole  extent  along  the  shore,  but  there  are  no 
cliffs  in  which  they  can  be  measured. 

The  section  in  Whitecliff  Bay  exhibits  the  same  marine  type, 
and  has  been  described  in  detail  by  the  Rev.  0.  Fiaher,*  who 
divides  the  groap  into  the  four  portions  given  below.  More 
recently,  however,  Mr.  H.  Keeping  has  been  able  to  fix  the  limit 
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between  the  Bracklesham  and  Bartoa  beds  more  exactly,  and  fiada 
it  to  be  about  TO  feet  lower  than  where  Mr.  Fisher  placed  it. 
Making  this  alteratioti,  th«  thickneBsea  of  the  several  pute  are  as 
follows : — 

Fwt. 

A.  Green  and  blue  cUys  nith  a  bed  of  <and  about  62  feet  from  tbe 

base,  ^ummulitcs  variolarita,  Pedcn  comevs,  Corinila  pisum, 
PUuToloma  plebeia,  etc 182 

B.  Yellow  tunds  and  eandy  claji,  Nam.  varioiarius        ...       27 

C.  Saudy  olaya  and  green  wnda,   jViim,  lamiffotus,  Sangninolaria 

Boilowayn,  Voiuta  ipinoaa,  etc. 123 

D.  Laminated  clays  and  green  sanda  with  a  bed  of  pebbles  at  the 

base.  Num.  Uevigalaa  and  a  few  other  fosails     ....     251 

S83 

It  will  be  noticed  that  C  and  D  form  a  zone  of  NummiUiUt 
lavigatns,  while  A  and  B  are  characterised  by  Nvm.  variolaHae, 

On  reaching  Alum  Bay  we  find  that  the  greater  part  of  this 
group  is  represented  by  unfossiliferous  soods  and  clays,  probably 
eatoariue  beds,  and  that  marine  shells  are  only  found  in  the  upper- 
most 157  feet,  which  answer  to  Mr.  Fisher's  group  A.  The  lower 
beds  were  formerly  relegated  to  the  Lower  Bagshot,  but  their  true 
position  has  been  determined  by  Mr.  Gardner,  who  has  compared 
them  bed  by  bed  with  those  of  the  opposite  cliffs  of  Hampshire.^ 
The  following  are  the  divisions  according  to  Mr.  Gardner's  reading, 
the  letters  aad  figures  indicating  their  correlation  with  the 
Whitecliff  and  Bournemouth  sections  respectively  : — 

Feat 

{0.  GreeniBb  sandy  clays  with  pebbles  at  baso  . 
G.  Yellow  aad  white  sands  .... 
4.  Bluish  and  brown  days  with  lignite  bands 

B.  3.  Briffht-co loured  sands         .... 

C.  2,   Dark  sanda  and  clays  with  lignite 

D.  1.  Dark  laminated  clays  and  variegated  eaudi 


The  succession  of  the  Bonmemouth  and  Boscombe  beds  lias  been 
carefully  worked  out  by  Mr.  Gardner,  who  gives  it  as  follows  : — 

Feet 

8.  Dark  sandy  clays  with  pebbles  at  base H 

G.  Highclifl' sands,  white  and  without  fossils 31 

4.  Hangietbury  clays  with  septaria  containing  sharks'  teeth  .  C>7 

5.  Boscombe  sands  of  various  colours  containing  pebbles  .  .  140 
2.  Bonrnemontb  marina  beds  with  plants  and  marine  shells  .  50 
1.  Bournemouth  freshwater  beds  with  plant-renuUDS  only        .         .   1400 

About  $90 

The  Freshwater  beds  consist  loi^ly  of  sand  with  occasional 
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banda  of  clay  in  which  leavee  are  abundunt,  especially  leaves  of 
Salix  (willow),  Iriartea  (a  palmX  Sequoia  CoutUiie,  Arauairia,  Euea- 
lypitu,  auU  the  t'eras  Osmunda,  Folypodiuvi,  oiid  Acroitichvm. 

The  Marine  beds  (2)  are  eimilar,  but  among  the  plant-reniaina 
are  FalmaeiUt  {a  cactus),  Dryandra,  and  fruits  of  the  iVtjjo  palm. 

West  of  Fool  nothing  more  ie  seen  of  this  group  till  we  reach  the 
neighbourhood  of  Newton  Abbot  in  Devonshire,  and  though  this  can 
hardly  be  called  a  part  of  the  Hampshire  basin,  and  ia  in  fact  a 
email  basin  in  itself,  it  will  be  convenient  to  describe  it  here, 
because  the  beds  are  eimilar  to  those  of  Bournemouth  and  the  flora 
IB  ao  much  the  same,  "not  only  in  species  but  in  tlieit  mode  of 
grouping  and  preservation,  that  were  specimens  mixed,  tbey  could 
not  be  reseparaled  "  (J.  S.  Gardner). 

These  Bovey  Beds  rest  directly  on  Carboniferous  and 
Devonian  rocks  in  a  baain-shaped  fashion,  the  basement  beds  being 
pebbly  gravels  consisting,  like  those  of  the  Bagsfaot  Beds,  of  stones 
derived  from  the  surrounding  Palaeozoic  rocks  us  well  as  from  the 
Gceensand  and  Chalk  ;  these  are  covered  by  a  succession  of  gray  and 
white  sands  and  clays  with  frei^uent  layera  of  lignite.  The  total 
thickness  of  these  beds  is  unknown,  but  is  believed  to  be  from  300 
to  400*  feet.  Their  surface  forms  a  tract  of  low-lying  heath-covered 
ground  extending  from  Bovey  Tracey  on  the  north-west  to 
Kingekerswell  on  the  south-east,  a  distance  of  about  9  miles. 
Plant-remains  are  abundant  in  some  of  the  beds,  and  include 
Seqjioia  Cov.ttnie  (a  conifer  resembling  the  great  Sefuoia  gigaaUa  at 
California),  cinnamons,  evei^reen-oaks,  figs,  vines,  and  laurels  ;  the 
coninionest  fern  is  OrnnMiiAa  U'jniti^,  which  is  indistinguishable  from 
Owmwada  hmmtliiefolin  of  llie  Philippine  Islands. 

Barton  Beds. — The  moat  careful  study  of  these  beds  in  recent 
years  is  the  memoir  by  Messrs.  Garduer,  Keepinf;,  and  Monckton,*  on 
which  the  following  account  is  based.  Tbey  divide  the  stage  into 
three  parts,  which  they  call  Lower,  Middle,  and  Upper  Barton,  but 
the  Geological  Survey  divide  it  into  the  Barton  Clay  and  the  Barton 
Sands,  which  is  in  some  ways  a  more  convenient  division. 

According  to  the  three  authors  above  mentioned  the  thicknesses 
of  their  diviaiona  at  the  three  principal  sections  are  as  follows  : — 


Barton  Sands  or  Upper  Barton 
Barton  CUy|Lo„gr  Barton     .        . 

1  Barton. 

.  1      80 

G3 

.  1      4» 

Alrnn  B.y. 
11* 

167 
B7 

WhlleclilT. 

221  feat 

92    „ 
55    „ 

I 

338 

368    „ 
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The  Lonei  Barton  has  at  its  base  a  thin  zone  of  green  sandy 
clay  in  which  Nuimivuliiei  eUgani  (var.  prsriuncAuETUi)  is  common, 
and  serves  to  define  the  Barton  from  the  underlying  Bracklesbam 
Betls.  Above  are  gray  clays  and  sands  characterised  by  Valuta 
aMcta,  CaatU  ambiffua,  Rintlla  baTttmerua,  CmaintUa  catudieulata, 
and  Sdtixatter  d'  Urbani. 

The  Middle  Barton,  or  Barton  Clay  proper,  consists  mainly  of 
gray  and  brown  clays  with  bauds  of  septaria,  and  its  prevalent 
fossils  are  Volata  l-uctatrix,  V.  amhigua,  BoiteHaria  ampla,  Futut 
longmmt,  Murex  mirtax,  and  Orattalelta  tuleala.  At  Alum  Bay 
there  is  a  remarkable  increase  in  tlie  thickness  of  this  group,  and 
the  upper  70  feet  consist  of  yellowish  sandy  clays  with  many 
small  Mollnsca,  bat  no  Buch  beds  are  seen  at  White«lifF. 

The  Barton  Saads  at  Barton  present  the  following  succession: — 

i.  White  and   yellow  sands  wltli   CtrUhium  pleurotomoides,    C. 

amcavuin,  Oliva  Bmnderi,  md  Melaaia  hordiacea .  .  20 

3.  Dark  gray  aandv  clay  with  Oiira  Branderi  and  other  shells  26 

2.  White  sand  witbout  fossils 25 

I.  Bluish  gray  clayey  uud  (the  Ckama  bed)  with  Chama  squa- 
mota,  Tertbralula  bisinuata,  Terebeliiim  aopiinni,  VUnta 
coalala,  K.  hameroaa,  and  Cimui  leabricvlva  ....         IS 

At  Alum  Bay  the  Chama  bed  is  rarely  exposed,  and  the  higher 
beds  are  represented  by  a  mass  of  yellow  and  white  sand  from  90 
to  100  feet  thick,  which  has  been  largely  dug  for  glasa-making. 
Tbeao  sands  are  sometimes  called  the  Headon  Hill  sands,  and  at 
the  east  end  of  the  island  they  thicken  to  203  feet,  and  the  Chama 
bed  is  seen  below  them  with  a  thickneea  of  15  feeL 

3.  Ireland 

Baaaltic  S^ea. — This  series  has  been  mentioned  in  previous 
chapters  as  forming  an  elev&ted  plateau  in  the  north-east  of  Ulster, 
a  plateau  which  has  steep  escarpments  on  every  side  except  toward 
Lough  Neagh,  and  is  mainly  composed  of  enormous  lava-flows,  but 
intercalated  with  the  lowest  of  these  are  deposits  of  detrital  origin. 

The  basement  bed  of  the  eeriea  is  generally  a  conglomerate 
containing  flints  derived  from  the  chalk,  and  resting  on  a  very 
nneven  surface  of  the  underlying  rocks  (Chalk,  Trios,  etc.,  see 
Fig.  163).  Above  this  there  is  a  variable  set  of  ocbreous  tuffs, 
iron  ores,  laterites,  clays,  and  lignites,  which  are  sometimes  only 
a  few  feet  thick,  but  sometimes  swell  out  to  30  or  40  feet,  and 
are  in  some  places  intercalated  with  sheets  of  dolerite,  which 
still  furthor  increase  the  thickness  of  these  basal  beds.  Over 
them,  however,  are  piled  immense  and  extensive  sheets  of  basalt 
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And  dolerite,  which  at  Sleamish  have  a  minimum  thickness  of 
ISOO  feet.  The  well-known  columnar  basalt  at  the  Giant's 
Causeway  is  one  of  these  sheets  and  overlies  a  bed  of  bole  or 
laterite,  while  the  basal  conglomerate,  here  of  considerable  thick- 
ness, and  not  associated  with  clays  or  iron  ores,  can  be  seen  beneath 
massive  dolerit«B  near  Donluce  Castle. 

At  Glenarm  and  neai  Antrim  there  sjre  thick  deposits  of  iron 
ore,  the  lower  bed  being  a  compact  fermginous  earth  known  as 
lithomai^  which  is  sometimes  40  feet  thick,  and  is  overlain  bv 
pisolitic  ore,  and  these  occur  some  600  feet  from  the  base,  and 
400  feet  from  the  top  of  the  basaltic  formation.  At  Qlenarm 
thej  are  associated  with  sandj  clays  and  pebble  beds,  which 
enclose  a  seam  containing  well-preserved  leaves  and  plants  remains. 
Among  these  Daphntigene  Kariei,  Sequoia  CouUgta,  Macdvniotkia 
Lydli,  and  leaves  of  Piatanut,  Querctia,  and  Bhamnui  have  been 
identified  by  Boily.  Mr.  J.  S.  Gardner  cunsiden  the  flora  to  be 
of  early  Eocene  age,  not  Miocene  as  previously  aupposed. 

Louffli  ITeagh  Beds.. — Bound  the  shores  of  this  lake  are 
deposits  which  may  lie  of  Eocene  age,  but  of  rather  later  date. 
The  relation  of  these  beds  to  the  neighbouring  basalts  has  not 
yet  been  definitely  ascertained,  and  the  evidence  for  regarding 
them  as  Pliocene  or  Pleistocene  appears  to  be  insufficienL  Ac- 
cording to  Mr.  Gaidner  °  they  resemble  die  Bovey  Beds,  "  being  a 
mass  of  alternating  white,  brown,  greenish  blue,  and  red  plastic 
clays,  white  and  gray  sand  with  irregular  beds  of  lignite,"  and 
the  flora  supports  this  view  of  their  age.  They  have  been  pierced 
near  Aoaghmore  to  a  depth  of  260  feet  without  reaching  the  base. 


The  basaltic  plateau  of  Ulster  is  only  a  portion  of  a  very 
extensive  tract  of  similar  materials  which  has  lieen  largely  broken 
up  and  destroyed,  but  must  have  originally  stretched  northward 
to  the  west  coast  of  Scotland,  where  other  large  remnants  of  it 
are  found  in  the  Isle  of  Mull,  Eigg,  Rum,  Skye,  and  Boaeey.  In 
the  present  connection  the  most  important  Scottish  locality  is  the 
promontory  of  Ardtun  Head  in  the  south-western  part  of  Mull. 
Here  beds  of  gravel  sand  and  shaly  clay  are  intercalated  between 
two  great  sheets  of  basalt  and  have  yielded  many  plant-remains. 
The  beds  were  first  invest^ted  by  the  late  Duke  of  Argyll,  but 
more  recently  by  Mr.  J.  S.  Gardner,^''  from  whose  account  the 
following  is  taken,  together  with  the  illustrative  section,  Fig  162. 

The  sedimentary  rocks  appear  along  the  seaward  face  of  the 
2i 
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headland  far  a  dutance  of  rather  more   than   a  mile,  and  the 
aucoeBsion  seen  in  one  of  the  quarries  is  as  follows  : — 

Rudel;  columnar  basalt  .  10 

Bedded  aaodstone .8 

Indurated  cravel  of  flints  and  lava-fragments  .....       7 

Indnratsd  dark  colaured  mud  with  ferns I 

Black  orombLy  shale  full  ofleaves 2^ 

Hard  gravelly  sand  resting  on  basalt 2 

At  other  points  there  are  several  beds  of  clay  or  shale  which 
contain  leaves,  and  similar  beds  also  occur  near  Caraaig. '  The 
plant-remains  include  a  fern  (OnccUa  hebridiea)  and  an  Eqiaietum, 
many  Gymoosperma,  such  aa  Ginkgo,  Podocarpus,  Tavui,  and  Sequoia. 
Dicotyledons  are  abundant  and  include  leaves  of  Plaiawu  bdrridiem, 
Popuhu  arctiai,  Comvi  hyperborea,  Barhmeria  anfiqva,  and  leaves 
like  those  of  Corylus,  Laura*,  and  Bhamniu.  Mr.  Gardner 
considered  the  flora  to  be  more  like  a  late  Cretaceous  than  a 
Tertiary  oue,  but  accepting  its  probable  connection  w.ith  the  Antrim 
area,  was  inclined  to  regard  it  as  of  very  early  Eocene  age,  and  not 
newer  thau  the  time  of  the  Thanet  Beds. 

Thb  Ekoion  oir  Volcanic  AcTivm 
The  northern  porta  of  the  British  Isles  were  a  scene  of 
remarkable  volcanic  activity  throughout  a  large  portion,  if  not  the 
;rhole,  of  Eocene  time,  and  evidences  of  this  activity  are  found  not 
only  in  the  vast  lava-flows  above  mentioned  but  in  lava-filled 
fissures  of  great  length.  The  region  over  which  such  phenomena 
have  been  found  embraces  the  north  of  England,  the  north  of 
Ireland,  and  the  whole  of  Southern  and  Western  Scotland,  a  total 
area  of  about  40,000  square  miles.  Its  history  has  been,  written  by 
Sir  Archibald  Geikie,  iroui  whoee  account  the  following  epitome 
has  been  condensed." 

This  great  development  of  volcanic  action  seems  to  have 
coincided  with  a  general  elevation  of  the  region  above  indicated, 
aa  if  it  had  been  pushed  upward  by  the  accumulation  of  a  vast  sea 
of  liquid  lava  beneath  it.  Whether  as  cause  or  coincidence,  it  seems 
certain  that  great  horizontal  tension  arose  whicti  started  a  series  of 
fissures,  these  running  generally  from  nnrth-weat  to  south-east,  and 
sometimes  extending  for  50,  60,  or  even  100  miles.  Into  these 
fisaurea  welled  up  the  liquid  rock  which  has  consolidated  into 
basalt,  and  where  they  reached  the  surfaue  the  lava  welled  out 
in  vast  streams  like  those  of  modem  Iceland,  forming  the  great 
basalt  plateaux  of  Antrim  and  the  west  of  Scotland. 

This  process  of  dyke-uiaking  and  the  outpouring  of  lava-floods 
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was  repeated  again  and  again,  till  in  the  gnat  vale  or  plain  which 
bordered  the  weet  of  Scotland  the  lavaa  accniniilated  to  a  depth  of 
several  thousand  feet.  In  some  places  3000  feet  of  them  still 
remain,  and  ve  know  not  how  great  a  thickness  has  been  removed. 
Here  and  there  tiiej  filled  up  and  obliterated  river-channels  like 
those  in  the  ialand  of  MulL 

After  the  bailding  up  of  these  plateaux  another  episode  took 
place.  Lai^e  bodies  of  a  basic  magma  were  pushed  into  and 
through  the  plateau  basalts  and  consolidated  into  huge  domes  of 
gabbro,  troctolite,  and  other  such  coane^iained  rocks,  but  whether 
the^  ever  extruded  matter  at  the  sur&ce  cannot  be  known,  because 
the  summits  of  the  bosses  are  removed. 

The  next  phase  was  the  protrusion  of  material  from  a  different 
magma,  which  has  consolidated  into  acid  rocks  of  various  kinds, 
from  glasaj  obsidians  and  rhjrolites  to  granophjres  and  a  rock  of 
granitic  character.  These  now  form  conical  hills  which  resemble 
in  some  respects  the  trachytic  hills  of  Auvei^ne. 

The  last  phase  was  a  second  formation  of  fissures,  producing 
another  system  of  basic  dykes  which  traverse  oil  the  previously 
formed  rocks,  cutting  not  only  the  older  dykes  but  the  great 
mosses  of  gabbro  and  granophyre.  Whether  they  poured  lava  to  the 
Burfoce  is  not  known,  and  whether  the  formation  was  the  final 
episode  is  not  quite  certain,  for  there  is  also  a  series  of  acid  dykes 
which  also  traverse  all  the  older  volcanics  aud  do  not  appear  to  be 
cut  by  the  later  basic  dykes.  The  age  of  these  later  basic  and  add 
dykes  is  also  uncertain  ;  they  may  be  Oligocene,  or  even  Miocene  ; 
hut  whenever  vulcanism  did  cease  the  whole  region  began  to  sink 
down  again,  and  at  the  present  time  great  parts  lie  below  the  sea. 

COHTINENTAL  Equivalents 

The  Eocene  area  of  Belgium  may  be  regarded  as  a  continuation 
of  the  London  Basin,  for  the  two  are  doubtless  in  actual  connection 
beneath  the  North  Sea.  Again,  the  deposits  of  the  Paris  Basin 
present  such  a  great  resemblance  to  those  of  the  Hampshire  Basin 
that  they  can  be  correlated  without  much  difficulty,  and  were 
doubtless  formed  within  the  same  area  of  deposition.  In  the  south 
of  France  however  and  in  the  south  of  Europe  generally,  the 
Eocene  series  exhibite  a  very  different  (acies,  consisting  loi^ly  of 
hard  foraminiferal  limestones  full  of  Nvmmtdita,  Op^vulina,  and 
Alveciina,  and  generally  known  as  Nummnlite  limestones  ;  with 
these  are  calcareous  sandstones  containing  many  large  sheila,  reef- 
building  corals,  and  echinoderms  of  many  species. 

The  accompanying  table  shows  the  Eocene  succession   in  the 
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Paris  basin,  in  Belgium,  and  in  Aqnitaine,  and  the  French  diviaions 
or  atagea  aa  correlated  iritli  the  EagliBh.  It  is  bsaed  on  that  giveii 
hy  Profesaor  de  Lapparant  (1900),'*  who  divides  the  portion  which 
correaponda  with  our  Eocene  aeriea  into  five  atagea,  and  it  will  he 
convenient  to  adopt  this  gronping  in  giving  a  brief  account  of  the 
deposits  in  these  regions.  The  name  of  Tkanetian  is  derived  from 
our  lele  of  Thanet,  SparniKian  from  Epaniay  (Spamacum),  Ypritiam 
from  Ypr^s  in  Belgium,  Lutttian  from  the  Boman  name  of  Paris 
(Lntetia),  and  Bartonian  from  Barton  in  Hampshire. 

Thanetian. — Qlanconitic  sands  which  appear  to  be  about  the 
age  of  our  Thanet  Beds  ore  found  all  along  the  northern  and 
eastern  borders  of  the  Parie  Basin,  and  as  a  tule  they  reat  directly 
on  the  Chalk.  Such  ore  the  sands  of  Watten  and  St  Omer  near 
Calais,  which  are  characterised  bj  Cyprina  pianola  and  are  often 
indurated  by  a  siliceous  cement  into  a  stone  known  as  tuffiau. 
Tesembliog  gaixe  or  malmstone  and  containing  diatoms  and  sponge 
Bpicttles.  Farther  south  in  the  Aiane  are  the  sands  of  La  Ffere 
and  of  ChSlons-eur-Veele,  which  seem  to  be  of  the  same  ^e,  while 
westward  near  Beauvais  are  the  sands  of  Bracheux,  containing 
Cyprina  pUmata,  Ottrta  btltovaaTia,  Pectunculiu  terebratularii,  etc,  a 
fauna  which  is  clussed  as  Thanetian  by  the  majority  of  French 
geologists,  but  as  Sparnacian  by  Professor  Prestwich.'*  None  of 
these  sands  extend  so  f ar  aa  Paris. 

In  Belgium  the  Montian  limestone  (see  p.  4S0)  ia  overlain  hy 
glanconitic  sends  which  are  known  as  the  Lower  Landenian  and 
unquestionably  correspond  to  our  Thanet  Beds.  Near  Oelinden 
there  are  local  bcda  of  white  marl  which  contain  a  few  marine 
sheila  and  many  plont-reniaina  which  form  an  intereating  early 
Eocene  flora.  Of  the  eighteen  species  of  niollusca  twelve  occur  in 
the  Lower  Landenian. 

Spamaolan. — This  group  corresponda  very  closely  to  our 
Woolwich  and  Reading  Beds.  Near  Paris  it  consists  principally  of 
plastic  clays,  but  at  the  base  is  a  conglomerate  with  bones  of 
mammals  and  birda,  overlain  hy  laminated  clay  containing  Phyea, 
Viviparui,  and  Unio,  and  near  the  top  is  a  bed  of  sand  with  seams 
of  lignite.  This  sand  and  lignite  thickens  eastward,  while  the 
plastic  clays  clie  out,  till  in  the  Soissonnaie  the  group  is  represented 
by  beds  of  lignite  and  black  clays  with  associated  marls  and  sands 
(30  to  50  feet).  These  contain  Cyrena  cuneiformii,  Melania  inqTiinala, 
and  other  Woolwich  species.  The  highest  heds  are  found  at 
Sinceny  on  the  Oise.  They  contain  the  »ame  freshwater  shells  and 
consist  of  sands  and  claya  with  rolled  flint  pebbles. 

In  Belgium  there  is  a  similar  group  of  freshwater  beds. 

Tpr^^an. — In  France  the  London  Clay  is  only  found  near 
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Callus  and  Orchiea ;  e^deatlj  it  thinned  out  southward  and  doea 
not  appear  to  be  repreeented  elsewhere  unless  by  the  lower  part 
of  the  Bsuda  of  the  Soissonnais,  which  are  not  more  than  160  feet 
thick.     These  are  divisible  into  three  portiona  : — 

Sables  de  Cuise  with  Cyrtna  Qraxesi  and  freshwater  shelll. 

Sables  de  Pierrefonds,  TurriUlta  edila  and  Numtiudita  planvlatu). 

Sables  d'Aizj  with  Soatellana  Otoffroyi. 

In  Belgium  the  Argile  de  Flaadrea  coireapoiida  with  our  London 
day  and  is  4S0  feet  thick  in  a  boring  at  Oatende.  Above  it  are 
Bands  with  TarrUella  ediia  and  Numimditet  planulalvt,  which  are 
evidently  a  maiioe  equivalent  of  onr  Bagahot  aanda 

Lutetian. — In  the  Paris  Baain  this  atage  consiata  of  the  beds 
generally  known  as  the  Calcaire  Grossier.  It  is  the  most  foseil- 
iferouB  formation  in  the  Paria  basin,  and  the  middle  portion  yields 
the  light  yellow  calcareous  freestone  which  ia  the  chief  building- 
atone  of  Paria.  The  group  is  divisible  into  three  substages  as 
follows  ;^ 

F«t. 
3.  Upper,  tliin-bedded  fissile  limestonea   irith   white  snd 

CD  marls  and  aone  beda  of  ailiceoua  and  dolomitic 
«tone,  Cardium  <tbliguvm,  CtrilAium  dentiailaium, 
PolamideM  lapidum,  Laeina  aaxorum  30  to  7B 

2,  Soft  thick-beiJaed  limestones,  aome  beda  largely  coinpoBed 
olMUiola  and  Orbiiolila:  Cardium  gTanalomim,  chama 
aUeaTota,  Fv*aa  hUb^ormis,  Turriulla  imbridaria     .  25  to  <0 

1.  Olsucouitie  limestones  snd  sands  with  a  layer  of  pebbles 
at  the  base,  Cerilhiian  gigatUewm,  Cardima  poraitmtm, 
Olirta  fiabelluia,  NummiUiiM  letBigatUi       .        .        .  2G  to  70 


In  Belgium  all  the  beds  above  the  A^ple  de  Flanders  are  sanda 
The  Bruzellian  eonaiata  of  white  and  yellow  aanda  with  CardUa 
planwuta,  PectunaUv*  puivinatut,  and  a  thin  bed  at  the  top  full  of 
Nummulita  Uevigalut,  and  the  Loekinion  aonds  contain  Cerithiiun 
gigantgwm,  Tnrritdla  imbrieataria,  and  a  layer  full  of  small  Num- 
mulites  at  the  top. 

-  Bartonlan. — The  Calcaire  Orossier  of  the  Paris  Basin  ia 
aucceeded  by  a  group  of  aands,  sandstones,  and  marls  from  30  to  &0 
feet  thick,  and  known  as  the  Sables  de  Beauchamp.  The  lower  port 
of  these  sands  contains  Niimmtdilei  variolarint,  and  are  sometimes 
grouped  as  Lutetian  ;  the  middle  portion  yields  Cerithw/m  muiabUe, 
Xenophora  aggliUintau,  Area  Uangula,  etc.,  and  the  upper  part 
corresponds  to  our  Barton  Sands  with  Petamidei  pUwoUmioidei. 
Resting  on  these  sands  are  the  limestones  of  St  Ouen,  a  set  of 
white  marly  fraahwater  limeatones  with  LtniTuaa  longuaUa,  Planorbu 
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goniobcuit,  etc.,  fonnerl;  regarded  aa  tl)e  bate  of  the  Oligocene  aeries, 
but  near  Marines  and  CreBnea,  nortli-weBt  of  Parii,  thej  ore  associated 
with  Buida  (the  Sables  de  Monceui)  contsining  Bartonian  fossils 
{VoliUa  allUeta,  Natiea  ambuiaemm,  etc). 

The  Wemmelian  of  Belgium  has  a  basement  bed  of  gravelly 
aaud  containing  NwmmuliUi  variolaniit,  succeeded  bj  calcareous 
shelly  saudsloaes  with  TurriteUa  tvleifera  and  TtUiTia  rottralii  and 
sand  J  clajs  containing  many  Barton  fossils. 

From  the  thicknesses  given  on  the  table  on  p.  464  it  will  be 
seen  that  neither  the  French  nor  the  Belgian  series  attains  any- 
thing like  the  thickness  of  the  British  Eocene,  the  French  series 
having  an  average  thickness  of  only  460  feet  and  the  Belgian  one 
of  about  900  feet,  whereas  the  English  series  in  the  Hainpshii« 
basin  is  from  1400  to  ISOO  feet  thick. 


Physioaii  and  Gkogbaphicai.  Cohditionh 
The  gradual  upheaval  of  the  British  area,  which  took  place  at  the 
close  of  the  Cretaceous  epoch,  was  continued  until  the  gt«ater  part 
of  our  islands  was  raised  above  the  level  of  the  sea  and  once  more 
became  part  of  a  continent  which  stretched  far  westward  and 
southward  of  their  present  limits.  In  im^ning  the  aspect  of  this 
land  we  must  remember  that  a  large  part  of  it  was  the  npniised 
bottom  of  the  Cretaceous  ocean,  and  though,  doubtless,  portions  of 
the  Chalk  were  removed  by  erosion  during  upheaval,  especially 
those  which  bordered  the  rising  cosBt-Iines  of  Wales  and  other  hilly 
districts,  yet  we  muat  suppose  that  the  great  sheets  of  chalk  which 
occupied  the  intervening  tracts  would  escape  total  destruction,  and 
would  form  plains  uniting  Wales  to  the  Pennine  range  and  Ireland 
to  England  and  Scotland.  The  Jurassic  rocks  mnat  have  been 
entirely  concealed,  and  the  strata  exposed  to  aubaerial  waste  would 
be  the  Chalk  and  the  Paleozoic  rooks  of  what  we  call  the  western 
and  northern  highlands. 

The  upheaval  does  not  aeem  to  have  been  quite  a  uniform 
movement  but  to  have  been  more  rapid  in  the  west  and  north  than 
in  the  south-east,  and  it  is  probable  that  Ireland  and  Scotland  were 
raised  to  a  much  higher  level  than  that  which  they  now  occupy. 
It  is  supposed  indeed  that  not  only  were  they  united  to  one 
another  hy  a  broad  plateau,  but  also  to  the  Faroe  Islands  and  to 
Iceland  ;  at  the  present  time  an  uplift  of  at  least  3000  feet 
would  be  necessary  to  effect  such  a  union.  It  was  this  region  that 
became  the  scene  of  the  great  volcanic  activity  which  was  described 
on  p.  482. 

With  regard  to  the  soothern  and  eastern  parte  of  EngUnd,  the 


.V  Google 


THE  EOCENE  SERIES  489 

great  erosion  which  the  Chalk  has  suffered  beneath  the  London 
buin  maJcea  it  probable  that  the  greater  part  of  it  was  raised  into 
dry  land,  but  it  ia  not  likely  ibat  it  waa  ever  lifted  very  far  above 
the  level  of  the  early  Eocene  sea.  Moreover,  the  east  and  west 
anticlinal  axes  of  the  Weald  seem  to  have  been  initiated  during  the 
formation  of  these  Eocenes,  for  tha  Woolwich  Beds  overlap  the 
Thanet  Sands  southward  as  well  as  westward,  and  the  Otdhaven 
pebble  beds  overlap  all  the  underlying  deposits  so  as  to  rest  directly 
upon  the  Chollc  near  the  edge  of  tbe  North  Downa  ;  hence,  aa  Mr. 
■  Whitaker  remsrka,  "  one  is  warranted  in  concluding  that  the 
planing  down  of  the  chalk  that  once  spread  over  the  Wealden  tract 
b^an  in  Lower  Eocence  times,  and  that  the  pebble  beds  of  Bromley, 
Blockheath,  etc^  are  one  of  tbe  direct  reeutta  of  that  denudation." 

Coming  now  to  the  area  within  which  sedimentation  was  taking 
place,  it  is  evident  from  a  comparison  of  the  English  and  Belgian 
Btrata  that  Belginm  came  vrithin  the  influence  of  tbe  Eocene  sea 
before  England  jid,  and  that  a  movement  of  depresaion  allowed  tbe 
sea  to  advance  westward  and  to  occupy  portions  of  £ent,  Surrey, 
Essex,  and  Suffolk  at  the  time  of  the  Thanet  Sands. 

Paaaing  to  tbe  Reading  Beds,  we  find  evidence  in  their  wider 
extension  of  a  further  and  more  general  snbaidence,  which  carried 
the  sea  over  the  whole  of  tbe  London  Basin,  and  southward  over 
Hampshire  into  the  Bonthem  basin.  In  the  shallow  gulf  thua 
formed  the  marine  basal  beds  of  tbe  Reading  group  were  deposited, 
but  there  is  no  evidence  that  these  beds  ever  extended  over  the 
aiea  of  tbe  Weald.  Moreover,  the  sea  only  retained  possession 
of  this  area  for  a  abort  time,  for  it  is  generally  believed  that 
the  mottled  clays  of  the  Reading  group  are  of  freshwater  origin. 
Their  association  with  plant  beds  and  their  actual  intercalation 
between  freshwater  deposits  near  Paris  are  strong  pieces  of  evidence 
in  favour  of  this  view ;  but  if  they  are  freshwater  beds,  it  is  difficult 
to  see  how  they  can  have  been  formed  in  anything  but  a  large  lake 
or  series  of  lakes,  and  we  may  suppose  that  beaches  or  sand-dunes 
were  thrown  up  which  converted  tbe  greater  part  of  tbe  area  into 
brackish  or  freshwater  lakes. 

The  estuarine  beds  of  the  Woolwich  focies  were  evidently 
formed  in  the  estuaries  and  deltas  of  small  rivers,  and  there  is  no 
reason  for  supposing  that  these  rivers  came  from  the  west,  but 
much  reason  to  think  that  they  drained  a  tract  of  land  over  the 
Wealden  area,  for  they  only  occur  on  the  northern  and  southern 
sides  of  the  central  port  of  this  area. 

During  the  depoeitioD  of  the  London  Clay  further  subsidence 
took  place,  and  the  eea  not  only  occupied  all  the  area  covered  by 
the  Beading  Beds  but  extended  somewhat  beyond  iL     Mr.  J.  S. 
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Gardner  remarkB,  "  Throughout  the  deporition  of  the  London  Olay 
the  enbgidence  of  the  sea-bed  muat  have  been  qaiet  and  gradnoL 
The  marine  fauna,  although  atill  seen  by  comparison  with  those  of 
succeeding  beds  to  be  relatively  temperate-looking,  and  to  belong 
to  the  Northern  sea,  has  a  far  more  tonid  aspect.  This  is  owing 
to  a  wanner  period  having  set  in,  produced  probably  by  the  rise  (rf 
land  between  England  and  North  America,  which,  there  is  evidence 
to  show,  took  place  about  this  time,  and  completely  shnt  off  the 
cold  Arctic  currents.  The  temperature  of  the  aea  thus  increased, 
doubtlesa  acted  upon  the  land,  and  enabled  a  tropical  and  most 
luxuriant  and  varied  fauna  and  flora  to  migrate  thither  and  become 
established.  Uyriads  of  fruits  and  eeeds,  and  the  bones  of  many 
species  of  turtle  and  crocodile,  whose  habite  would  cause  them  to 
be  buried  in  such  a  position,  as  well  as  of  snakes,  birds,  etc.,  are 
found  at  Sheppej  just  as  they  were  stranded  and  buried  in  the 
delta-mud  of  the  great  western  river." 

In  the  succeeding  deposits  of  the  Lower  Bagsbot  group  we  have 
proof  of  the  silting  up  of  this  gulf,  the  more  western  beds  of  Corie, 
Studland,  and  Alum  Bay  having  been  accumulated,  according  to 
Mr.  Gardner,  in  a  wide  valley  or  shallow  lake,  and  he  remarks  that 
*'  the  complexity  of  the  stratification  suggests  that  two  rivers  united 
in  this  valley,  and  shows  plainly  that  the  waters  must,  in  any  case, 
have  been  rapid  at  times,  and  subject  to  periodical  Quctnationa  of 
volume. 

"  In  the  Bournemouth  Beds  we  have  deposite  of  the  same  river, 
but  in  a  more  open  and  level  valley,  and  in  a  closer  proximity  to 
the  sea.  In  all  the  lower  or  fVeahwater  series  we  have  no  sign  of 
the  presence  of  sea  water,  and  when  we  do  find  it  in  the  h^her 
beds  to  the  east,  it  is  not  that  the  river  deposite  encroached  there 
on  the  sea,  but  that  the  land  gradually  sank  and  allowed  the  sea 
to  cover  them. 

"  It  is  of  great  interest  to  trace  through  these  beds  the  change 
from  a  comparatively  upland  floor  to  a  valley,  and  then  to  a  swamp 
flora  ;  to  follow  out  the  lowering  of  the  land  until  it  became  sea  ; 
to  trace  the  sea,  first  trickling  in,  as  it  were,  and  forming  lagoons, 
then  overwhelming  the  mud  deposits  formed  by  these  lagoons,  with 
shingle  and  sand ;  to  realise,  in  fact,  the  actual  shore-line,  now 
marked  by  river  deposits,  full  of  plant-remains  on  one  side,  and  a 
sea  fauna  with  sharks'  teeth  on  the  other." 

The  Bracklesham  series  proper  of  Bracklesham  and  Whitediff 
Bay  are  deposits  formed  in  the  sea  outside  the  mouths  of  the  rivers 
above  mentioned.  When  their  fauna  is  compared  with  that  of  the 
London  Clay  it  is  seen  that  its  character  is  much  more  tropical, 
many  southern  types  of  mollnsca  being  present,  such  aa  Contu, 
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Cypnta,  Pyruta,  Mitra,  and  BuUa,  which  are  scarcely  repreaented  in 
the  Loadoa  Clay.  The  general  aspect  of  the  fauna  is  different, 
and  very  few  species  are  common  to  both  fonnations,  though  they 
are  separated  by  only  100  to  150  feet  of  Bands,  which  probably 
represent  but  a  short  epoch  of  geological  tinie. 

This  difference  of  fauna  was  due  probably  to  the  opening  of  a 
communication  with  the  southern  (NummuHtic)  sea,  and  it  is 
believed  that  this  opening  was  westward  along  the  course  of  the 
eiiating  English  Channel  between  Cornwall  and  Brittany.  But  the 
deposition  of  the  BrackleBham  Beds  and  of  the  Calcaire  Qroasier  of 
the  PariB  Basin  seems  tu  mark  the  moiiimiim  degree  of  the  Eocene 
subsidence,  and  the  communication  with  the  outer  ocean  seems  to 
have  been  of  short  duration.  The  fauna  of  the  Barton  Clay,  though 
similar  to  that  of  the  Brackleahani  Beds,  also  recalls  that  of  the 
London  Clay,  many  of  the  species  found  in  the  latter  but  not  in 
the  Bracklesham  Beds  reappearing  in  the  Bartonian,  while  at  the 
same  time  a  number  of  the  more  tropical  Bracklesham  species  have 
disappeared. 

Thia  change  can  best  be  explained  by  a  general  upheaval  of  the 
nhole  region,  an  upheaval  which  may  have  closed  the  western 
passage,  and  must  gradually  have  narrowed  the  sea  epacea  over 
England  and  Northern  France  till  the  gi-eater  part  was  converted 
into  a  shallow  sea  in  which  only  sands  and  sandy  clays  were 
deposited.  Whether  this  shallow  sea  opened  westward  or  north- 
eastward into  the  Belgian  sea  is  rather  doubtful,  but  French  geolc^sts 
are  inclined  to  the  former  view  and  think  the  western  passage  was 
not  completely  closed.  If,  however,  there  was  a  land  barrier 
between  the  Belgian  and  the  Parisian  basins  it  is  difficult  to  see 
how  the  northern  species  regained  admittance  to  the  more  southern 

B.  Oligocene  Series 
The  name  Oligocene  was  proposed  for  this  series  by  Professor 
Beyrich  in  1854,  who  showed  that  it  conlained  an  important 
fauna  which  differs  considerably  from  that  of  the  typical  Eocen:e 
strata  of  England,  France,  and  Belgium,  and  that  it  attained  a 
considerable  development  in  Northern  Germany.  The  older 
classin cation  arranged  these  beds  partly  in  the  Eocene  and  partly 
in  the  Miocene  system,  but  this  rendered  it  necessary  to  draw  a 
line  of  sejMration  between  the  two  so-called  systems  in  every  area 
of  deposition,  and  in  the  midst  of  a  perfectly  continuous  series. 
The  difficulty  of  making  this  separation,  and  the  close  connection 
of  the  faunas  of  the  groups  which  were  formerly  called  "  Upper 
Eocene"  and  "Lower  Miocene"  respectively, has  induced  geologists 
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to  accept  Professor  Bejrrich'a  snggeation  to  unite  these  gronps  under 
the  name  of  Oligocene. 

The  following  are  the  divisions  which  have  been  made  in  the 
Oligocene  series  of  England  which  has  onlj  been  found  in  Hamp- 
Bhire  and  the  Isle  of  Wight : — 

Feet. 
Upper. — Not  representsd. 

jjjjji- /Hamstead  Beds 256 

\BenibridKe  and  Osborne  Beds      .         .         .         .         174  to  240 
Lower.— Headon  Beda 160  to  212 


Characteristic  Fossils 
The  general  characters  of  the  fauna  have  been  described  on  p. 
461.     The  following  are  Bpecies  which  are  either  restricted  to  or 
most  abundant  in  each  of  the  groups,  but  many  species  range  from 
Headon  to  Bembridge  Beds  : — 


FosriU  of  the  Headon  Beds 
Aetinoioa.       Solenastrea  cellulosa,    Litharea   brockenharsti,    Madrepora 

Lamellibratichia.  In  the  marine  beds  are  ;  Cardifa  deltoidea,  Corbula 
cuspidata.  Cytherea  incrassata,  Nucnla  beadonensis,  Ostrea 
velata,  TrigonoccElia  delMidea.  In  the  freshwater  beds 
are;  Cyrena  obovata,  C.  cjoladifomiiH,  Krodona (  =  Pota- 
momya)  plana,  P.  gregaria,  Unio  Solandri. 

Qatlriipoda.  In  the  marine  beds  are  :  Ancilla  buci^inoidea,  Cancellaria 
elongata,  C.  muricata,  Nerittna  aper^  N.  concara, 
Pisania  labiata,  Vo[uta  spinoea,  V.  geminata,  V.  decora. 
Id  the  freshwater  beds :  Potamides  conoavua,  P.  vantri- 
cosus,  P.  vagus,  Limnica  longiscala,  Melanosis  (nsirormia, 
Nematura  parvula.  Flanorbis  euomphalus,  P.  lens,  Helix 
occlusuB. 
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LanuU&ranehia.  Cyrsna  (CorbicnI&)  seTniitriata,  C.  pulchra,  C.  obtiua. 
OstTM  vecUoaJs,  Area  WebBteii. 

Qailnpada.  Glandins  cwtelUta,  AmphidromOB  ellipticns,  Cyclotiut 
cinctui,  Helix  d'UrboDi,  H.  pseudo  -  globost^  Vivipuna 
leDtOs,  PUnorbiB  diBCUS,  UelnDJB  >ciiCa,  M.  Gic>T&ta, 
M.  (PotomaclU)  tiinitissiiiu,  Cerithium  mutabile. 

Mammaiia.  Anoplotherium  commune,  Choeropotamos  gypsonim,  Palao- 
therium  mAgnum,  P.  medium,  Xiphodon  gracilis. 

FoiiUi  of  the  HamaUad  Beds 
PianUc.  Chan  tubercnUta,  Andromeda  redculati,  Artbrotuis  ap. 

Lamtllibranchia.  Corbula  subpisum,  C.  vectensia,  Cytherea  Lyclli,  Ostrea 

callifera,  0.  cyathula,  Pannpea  minor,  Unio  OibbaL 
Otutrapada.     Potamidea    (Terebralia)    plicatum,     Hydrobia    (ToBiichia) 

Chasteli,   Melania   (Bayania)    fascia ta,    Neritina   tiistis, 

Nematura  pupa,  Voluta  Rathiarl. 
Mammalia.     Hyopotamus  bovinus,  Anthracotheriam  miuns. 

1  all 


Lamell'Urra'adtia.  Corbula  piaum. 

Oattropoda.  Cerithium  mutabile,  Fotamides  el^iu^  Hydrobia  (Tomidua) 
Cbaat«li,  Melaoia  (Bayania)  fasciata,  M.  acuta,  Helauopsia 
carinata,  Natica  labellata,  Neritina  concava,  Vinparus 
Isntua,  V.  angulosus,  Planorbis  obtosus,  P.  platjstoma. 

Stplitia.         Trionyx  incrasBatos  [a  freshwater  tortoise). 

SiBATIOBAPHir 
Thb  English  Sehibu 

Headon  Beds. — This  group  is  divieible  into  three  portions. 
Lower,  Middle,  and  Upper,  the  middle  portion  contftining  marine 
and  brackieh-water  ahells,  while  the  lower  and  upper  are  of  fresh- 
water origin.  These  beds  underlie  all  the  northern  part  of  the  Isle 
of  Wight,  but  except  at  the  weetern  end  their  outcrop  is  very 
narrow.  They  are  well  exposed  in  the  cliiTs  which  extend  from 
Headou  Hill  to  Cliff  End,  and  also  in  Whiteoliif  Bay  at  the  east  end 
of  the  island  (see  map.  Fig.  148).  In  Hampshire  they  underlie  a 
large  part  of  the  New  Forest,  and  the  Lower  Headon  is  shown  on 
the  coast  in  Hordwell  Clitf. 

The  section  at  Headon  Hill  may  be  r^arded  as  the  typical  one, 
although  the  total  thickness  is  less  there  than  elsewhere.  The 
succession  at  this  place  is  as  follows  : — '* 

FbbI, 

..  j*  Variegated  days  with  .iVn^ona  (Piilainami/a)  jrrvgaHa         .     21 

'-^PP*''   \\A\afia\aiia\s'\t\\Limnanlongixataa,nAPlaiiiOTbutVi<m^atu>      8 
He«non,<  |i|..„  _|,^.  „jti,  -v.  „„.  r.imnufa  and  Piinnriu  K 
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,,,,,,     [Cinya  with  Potamidea  ameama,  Cjfraia  obmxUa,  etc   . 
MiaOlB  J  Ljn,B,tonB  with  Limnaa  and  Plwmrbi-i 

"™''°'1  Sandy  oUjB  with  marme  fossils 

3B  loet  |_gand  ^nj  clayn  with  Neritina,  Oyraut,  and  Cerilhimii 
f  limeatOQe  with  XimruEa  and  Planorbis 


In  Colwell  Bay  the  Upper  Headon  conaiete  mainly  of  claya  and 
sands,  the  limestones  being  reduced  to  1  and  3  feet  respectively ; 
the  Middle  Hesdon  there  ftlso  contains  many  marine  shells,  such 
as  OArea  velata,  Cytherea  incraitaia,  Coring  caipidata,  NTtcHla 
iuadimmn*,  while  the  Lower  Headon  is  thicker  (63  feet).  In 
Whitecliff  Bay  the  marine  beds  have  expanded  to  126  feet,  and 
contain  many  of  the  Brocklehurst  sheila  mentioned  below,  while 
the  Lower  Headon  freshwater  beds  are  reduced  to  28  feet,  a  fact 
which  sn^esta  that  part  of  theae  lower  beds  may  be  replaced  by 
marine  deposits. 

The  marine  beds  are  found  also  at  Brockenhurat  and  Lyndhurat 
in  the  New  Forest,  where  they  yield  a  rich  fauna ;  ISO  species  of 
shells  and  corala  have  been  found  there,  about  half  of  which  range 
np  from  the  Barton  Beds,  but  the  fauna  as  a  whole  closely  resembles 
that  of  the  Tongrien  in  Belgium  and  Germany.  Some  of  the 
commonest  apeciea  are  Rimilla  nrnosa,  GaTieellaria  murvcaCo, 
PUania  labiatOf  PUv,rotomaria  traTuveraaria,  Valuta  decora,  V. 
geminata,  Cardita  deltoidta,  Cytherea  ineraitata,  CorbiUa  cutpidala, 
with  Solenaitrea  eelluloia  and  many  other  corals. 

At  Eordwell  only  the  Lower  Headon  is  exposed  and  the  beds 
are  freshwater  with  a  thickness  of  83  feet.'*  Many  reptilian  and 
mammalian  remains  have  been  foond  at  this  locality. 

Bembrldge  Qroup. — The  lower  beds  of  thia  gronp  were 
originally  included  by  Webster  1816,  with  the  Upper  Headon 
Beds,  but  were  separated  by  Professor  Forbes  in  1863,  under  the 
name  of  the  St  Helens  Beds,  afterwards  changed  to  "  Osborne 
Beds."  Under  the  latter  name  they  are  described  in  the  Memcin 
of  tiu  Geological  Survey,  and  have  received  a  separate  colour  on 
the  map,  bnt  as  the  fossils  they  contain  are  not  distinctive,  and  are  all 
of  freshwater  species,  they  are  certainly  not  entitled  to  rank  as  a 
primary  division.  Air.  Keeping  agrees  with  Professor  Judd  in 
grouping  them  with  the  overlying  Bembrit^  group  uuder  the 
name  of  Lower  Bembridge  marls.  ^^  This  appears  the  moat  reasonable 
and  simple  classification,  and  if  this  ia  adopted  the  Bembridge 
group  will  consist  of  three  members,  aa  below  ; — 
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3.  Upper  maih     .... 

2.  Bembridge  Limeatone 

1.  Lower  matU  and  Osborne  Beds 
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The  Lower  or  Osborne  marls  at  Hesdon  Hill  and  Colwell  Bay 
consist  of  white,  blue,  and  red  marls  with  calcareous  concretions 
which  contain  Limruea  longiteala,  Planoriit  diiciUt  Vivipanu  lentui, 
and  other  freshwater  shells.  At  Whitecliff  Baj  thef  consist  of 
dark  green  claya  and  sanda,  but  are  much  concealed  by  landslips, 
and  the  best  sections  occur  along  the  north-eastern  coast  from 
Osborne  to  Nettleslone  Point ;  here,  however,  they  assume  a  very 
different  faciea,  the  lower  SO  feet  cooBisting  of  marls,  with  bands  of 
hard  yellowish  sandy  ragstone  and  shell  limestone  full  of  Viviparui 
ItTdTti  and  Mdania  txcavata  (Nettlestone  Beds),  the  upper  50  feet 
consisting  of  green  and  yellow  sands  alternating  with  marls  and 
clays  of  white,  green,  and  yellow  tints  (SL  Helens  sands),  well  seen 
at  Priory  Point,  where  they  contain  MtUaiia  ejxavata,  Planorbit 
cUuiiie,  Limruea  longitcata,  and  Gyrenie. 

The  Benibridge  Limestone  is  a  cream-coloured  stone  with  inter- 
stratified  marls ;  sometimes  it  is  compact,  sometimes  quite  tufaceous 
and  coDcretionary ;  it  is  quarried  at  Headon  Hill,  at  Sconce  near 
Cliff  End,  and  at  Binsteaii  near  Ryde,  and  it  is  also  exposed  at 
Bembiidge  Point  and  in  Whitecliff  Bay.  Its  cont«nts  are  terrestrial 
and  freshwater,  many  species  of  Helix,  Amphidrom\u,  Achatina, 
Glandina,  Oi/dotat,  Clansilia,  Limnaa,  Planorbii,  and  Vivipanu 
occurring,  with  oviform  bodies  which  are  supposed  to  be  the  eggs 
of  the  large  Amphidromux ;  stems  and  seeds  of  Chara  are  common, 
aad  mamrooliau  remains  are  found  in  the  Binstead  quarries. 

The  Upper  Bembridge  marls  extend  from  the  river  Yar  to 
Bembridge  and  Foreland  Point,  and  occupy  some  space  rouud 
Osborne,  Ryde,  and  St  Helens.  At  St.  Helens  they  are  120  feet 
thick,  but  diminish  westward  to  TO  or  75.  At  Hamstead  they 
consist  entirely  of  freshwater  beds,  chiefly  blue  and  green  claya 
containing  Vieipame  lentus,  Melania  acuta,  Potamadiia  lurrifianmo, 
Melanopaa  carinaia,  Cijrena  semialriata,  and  0,  palchra. 

In  WhitecliS  Bay  there  is  a  marine  bed  near  the  base  of  Ibese 
marls  containing  Uttrea  vecUnsit,,  Cylherea  iiuragiata,  Nwnila  aimilit, 
and  MytUiu  affinis.  Above  are  marls  with  Poiamidei  and  Cyrena. 
About  50  feet  up  is  a  gray  sandy  limestone  (4  feet  thick)  containii^; 
AmphidTom-ai  elliptieut,  Glandina  cotteUaUi,  Limnaa  longiseata,  etc, 
and  the  highest  beds  contain  Potamadit  turrifimma  in  abundance. 

The  Haoistead  Beda  cover  a  large   area  extending  from 
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Yarmouth  and  Hiunstead  through  Pa^hunt  Forest  and  acrow  the 
Medina  river  to  Brading  Harbonr.  Thronghout  thia  tract  they 
mainliuii  a  thickaesa  of  over  200  feet,  and  their  baae  is  everywhere 
marked  hj  a  band  of  carbonaceous  clay.  At  Hamstead  the 
succeBsion  \b  given  bj  Mr.  Reid  aa  followB : — 

Jfon'ne  Beds  with  Corlmia  vecteim*,  O.  pixam,  Oitrta  callifem, 

Volvia  Rathieri,  Pofamida  plicaium,  P.  cUgana        ...  SI 

Leaf  and  Setd  Beda. — Red  and  green  clajs  with  oarbonaceous  layen 

containing;  leaves  of  palma  and  watsr-liliee  and  eeeda  1S3 

White  Band. — Gieea  clay  with  white  shelly  mails        ...  6 

Ntnuittira  Beda. — Green  and  bl«ck  clays  with  Kemattira  pupa, 

Annminea  eoaika,  Sphafrium  Brislom,  Hydrobia  [  Tomiehia)  Oui^di  61 
Black  Band. — Blaok  day  with  Vimpajiu  Itiita  and  Unio  .  2 

256 

The  "  white  band  "  is  only  traceable  aa  f ar  as  Parkhurst  Forest, 

but  east  of  the  Medina  it  appears  to  be  represented  by  a  bed  of  fine 

sand  which,  commencing  near  Newport,  thickens  eastward  till  it  is 

about  40  feet  and  forma  a  marked  feature  on  the  surface. 


Thb  Olioocesi  in  BELGiaii  aud  Fbakcb 
As  in  the  case  of  the  Eocene  series,  the  Oligocene  depoaita  which 

are  found  in  Belgium  and  Northern  Fiance  can  be  coiielated  with- 
out much  difficulty  with  those  of  our  own  country,  but  those  of 
France  include  beds  which  appear  to  be  higher  and  newer  than  any 
which  occur  in  England  or  Belgium;  to  these  the  name  of  ^guifonian 
has  been  given  because  of  their  large  development  in  Aquitaine. 
Again,  in  the  central  part  of  Fiance  there  are  lacustrine  deposits 
of  great  thickness  containing  many  fossils  of  great  interest  and 
associated  with  volcanic  phenomena. 

The  accocnpanying  table  shows  the  Oligocene  succession  in  the 
three  most  important  French  districts,  gronped  into  the  four  st^^ 
adopted  by  Professor  de  Lapparent  aud  correlated  with  the  Belgian 
and  Et^liah  stages,  but  it  should  be  mentioned  that  some  French 
geologists  regard  the  L'udia.n  and  its  equivalents  as  the  uppermost 
member  of  tiie  Eoc«ne  series. 

1.  Belgium 
The  Olif^ocene  occupies  a  large  area  in  Belgium,  and  though  the 
beds  differ  considerably  in  litholi^ical  character  from  those  of  the 
Hampshire  basin,  the  general  succession  corresponds  very  closely 
with  that  of  our  country.  Belgian  geoli^ists  have  divided  them 
into  two  stages  :  (1)  the  Tonffrian,  from  Tongres  near  Limbouig,  and 
2  K 
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(S)  the  Rupelian,  from  the  river  Rnpel  south  of  Antwerp,  on  which 
13  situate  the  town  of  Boom. 

Tongrlan. — This  ftppeare  to  include  the  represeatativea  of  two 
atogea,  the  Lower  Tongrlan  correspond  log  with  the  Middle  or  Tipper 
Headon  Beds,  and  the  Upper  Tongrian  with  the  Bembridge  Beds. 
There  is  in  most  parta  of  Belgium  s,  bcealc  between  the  Tongrian 
and  the  Eocene  series,  the  OUgocene  resting  indifferently  on  various 
membera  of  the  lower  series.'^  The  Lower  Tongrian  ia  of  email 
thicknesa,  from  20  to  60  feet  only,  and  coaaiata  of  sands  with 
Utlrta  ventUabrvm,  Atlartt  OmaZiiui,  Oytherea  incnuiala,  and  Cattii 
fiodota,  a  marine  fauna  closely  resembling  that  of  Brocklehurst 
(Middle  Headon). 

The  Upper  Tongrian  ia  an  eatuarine  or  fiavio-marine  group,  and 
comprises  three  members,  as  below,  but  the  total  thickness  is  only 
SO  to  30  feet. 

3.  3uidB  of  Vieux  Jodcb  with  Potamides  pliaUtu  and  P.  eUgana. 
2.  Green  c]i,ya  of  Henia  witb  Cylhena  incmtsala  and  Mya  angudata. 
I.  Sanda   of   Baaterem   with   Oyrena    aemitlriaia,   Fotamidea  pardilm, 
Mdania  aatla,  Sithinia  helicclla,  and  S.  piicala. 

Rupellftn. — This  is  a  purely  marine  formation,  and  appears  to 
be  the  eqmvalent  of  our  Hamstead  Beds  It  commences  with  the 
sands  of  Berg,  characterised  by  the  abundance  of  Peetunculvg 
obotxitu*,  with  VoliUa  Bathim,  Cominella  Qotiardi,  Trilonium  fiandri- 
cunt,  and  locally  it  includes  a  band  of  clay  witb  ^uctila  compta. 

The  Upper  Kupelian  conaistB  of  B  thick  masa  of  sandy  clay,  the 
Ai^ile  de  Boom,  which  contains  many  fossil^  aome  of  the  more 
important  being  Vobxia  Bathieri,  Fvxti*  eUmgatus,  Triton  fiandrieum, 
Corbula  pitum,  and  Niiculana  dcdutytsiana ;  it  has  also  yielded 
many  remains  of  verlfibratea,  including  two  Sirenians  {Haliiherima), 
several  birds,  turtles,  and  a  number  of  fish,  chieQy  Elasmobroncb, 
Lamna,  OiontaepU,  Oxyrkina,  Catekarodon). 

2.  Parii  Batin 
The  Oligocene  succession  in  the  Paris  Basin  ia  tabulated  on  p. 
498.  The  Ludian  or  Gypaum  Beda,  though  generally  resting  on  the 
Calcaire  de  St.  Oueu  or  the  Sands  of  Monceuz,  sometimes  lie  directly 
on  the  sands  of  Mortefontaine  and  Fontainebleau.  They  consist  of 
three  or  four  massive  beds  of  gypsum,  alternating  with  beda  of 
marl.  The  lower  beds  are  marine ;  the  lowest  marl  contains 
Phohdomya  Ivdeniii,  Cardium  granvlogvm,  Potamidei  Iriearinatum, 
and  Potamidtt  eoncamu,  and  the  second  has  Ludna  inomata, 
(kirtnUa  tubpitian,  and  Cojhttomya  Nyiti.  The  highest  beds  are 
lacustrine,  and  the  highest  bed  of  gypsum,  which  is  60  feet  thick  at 
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Uontmartre,  hea  yielded  fifty  Bpecies  of  mammalia,  including  PaUeo- 
Ourium  magnwn,  P.  medium,  Anoplotheriv,in  eomname,  and  Xipkodo» 

Bannoisiaji. — TtB  Sapra-gypeeone  Beds  are  blue  and  white 

marls  with  freshwater  fossils,  and  tbe  Oreen  Marls  are  fiuTio-marine, 
containing  C^ena  temittriata  {  =  0.  convtaa),  OyOta-ea  incnutata, 
P»ammabia  planOf  Potamida  pliaUut,  etc  The  Catcaiie  de  Brie 
consists  of  white  freshwater  marls  with  beds  of  siliceous  limestone 
which  have  been  used  for  making  niilUtones  (meuliferes). 

Btamplan. — The  name  of  this  stage  is  taken  from  the  village 
of  Etampes,  about  half-way  between  Paris  and  Orleans.  Near 
Paris  it  commences  with  marls  and  light-coloured  sands,  often  IKO 
feet  thick,  but  thinning  southwards  to  only  6  feet  at  Etampes. 
OArta  cyaihvla,  0.  longiroitris,  and  Gorhda  iubpiimm  are  abundant. 
The  Sands  of  Fontenay  are  without  fossils  near  Paris,  but  pass 
southwards  into  beds  which  contain  P«cfuncuZu«  obovaivt,  Buccuwm 
OtMtardi,  Potamida  plicatwi,  Valuta  Bathitn,  and  Triton  Jlandricum, 
which  correlate  them  with  the  Kupelian  of  Belgium.  They  are  very 
foaeiliferous  near  !Etrechy,  Yaurouz,  and  Fierrefitte.  The  highest 
member  of  this  stage  ie  that  known  as  the  Sables  de  Fontainebleau, 
which  is  correlated  with  the  Sables  d'Ormoy  overlying  the  fonil- 
ifeious  beds  near  Etampes ;  these  sands  are  often  infiltrated  witJi 
calcite  and  compacted  into  calcareous  sandstone. 

AquitanlaiL — Near  Etampes  the  sands  of  Ormoy  ore  succeeded 
by  marls  of  freshwater  origin  containing  Bithmia  Dubwxmi  and 
species  of  LiiMuea,  Cydodoma,  etc.  This  is  succeeded  by  the  Calcaire 
de  la  Beance,  which  extends  over  a  large  part  of  the  plateau  between 
the  valleys  of  the  Seine  and  the  Loire.  It  is  entirely  of  lacustrine 
origin  and  is  divisible  into  two  thick  masses  of  limestone,  each 
about  60  feet  thick,  separated  by  a  band  of  sandy  clay  40  feet  thick ; 
the  tower  part  is  known  as  the  Lvnaiaa  limestone,  and  the  upper 
part  as  the  Hdisc  limestone,  from  the  relative  abundance  of  epeciea 
belonging  to  these  genera. 

3.   Central  France 

Eitenaive  lakes  also  existed  in  Central  France  throughout 
the  Oligocene  period,  and  have  left  their  monuments  in  the 
lacustrine  strata  of  Aurergne,  Cantal,  and  Yelay.  The  northern- 
most of  these  lakes  occupied  the  valley-plain  of  the  AUier,  known 
as  the  Limagne  d'Auvergne  ;  the  average  breadth  of  this  tract  ie 
20  miles,  and  its  length  from  near  Nevers  to  Brioude  nearly 
100  miles;  it  eonsists  of  nearly  horizontal  strata  of  sandstone, 
marl,  and  limestone,  which  often  rise  into  low  hills  capped  by 
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frt^menta  of  ancient  laTa-HtreamB  ;  this  tnct  u  botmded  on 
either  side  bj  lofty  hills  of  granite  and  gneiia,  which  rise  to  a 
height  of  1600  feet  above  the  plain,  and  3000  feet  above  the  sea, 
while  the  western  ridge  mpporta  a  chain  of  extinct  volcanoes,  whence 
lava-streams  flowed  from  time  to  time  into  the  valleys  below. '^ 

The  deposits  of  the  plain  exhibit  the  sncceesion  which  is 
tabulated  on  p.  498.  But  these  beds  cannot  all  be  seen  in  one 
locality ;  the  arenaceous  strata  ore  probably  thickest  near  the 
margins  of  the  ancient  lake,  while  the  marls  and  limestones 
constitute  a  central  deposit  which  is  about  TOO  feet  thick.  The 
lowest  beds  contain  few  fossils,  but  bones  of  PalaoOierium  have 
been  found ;  the  marls  have  yielded  a  lai^  assemblage  of  fogtdls 
.  — ungulates,  camivora,  rodents,  opossums,  birds,  crocodiles,  tor- 
toises, and  snakes,  with  numerous  land  and  freshwater  molluscs ; 
small  oetracod  crustacea  (Cfypridai)  also  abound  in  the  marls. 

Some  of  the  limestones  are  oolitic,  others  are  entirely  made  up 
of  the  cases  of  caddis  worms  cemented  leather  by  calcareous  matter, 
and  in  the  Cantal  there  is  a  chalky  limeet^ine  containing  siliceous 
nodnles  like  our  flints. 

The  mammalia  belong  to  the  genera  Paiaothtriwn,  Anlhnuo- 
(Wfum,  Paloplotheriiau,  Enlthdon,  BhiTioeero*,  Ganotheriwn,  Dremo- 
theriam,  and  Aiapkilragaba. 

4  Aquilaine 
The  most  continuous  soccesaion  in  this  r^on  is  found  near 
Blaye,  where  the  Creahwater  Eocene  limestone  (see  p.  484)  is  over- 
lain by  the  marine  limestone  of  St  Estephe,  which  corresponds  to 
the  Qypsum  Beds  of  Paris.  This  is  succeeded  hy  marla  with 
Anomia  giTondica  and  fluvio-marine  beds  containing  Ottna  a/athvla, 
0.  UmgiroitrU,  and  bones  of  Xiphodtm  and  Paloplothtriiaa,  and 
comparable  with  our  Bembridge  Beds.  The  Etampian  or  Hamstead 
group  is  represented  by  a  thick  mass  of  yellowish  limestone  with 
marine  fossils,  inclnding  the  starfish  Ortnader  Itevit  and  many  other 
echiuoderms.  Finally,  theA  is  an  important  and  varied  group  of 
deposits  forming  the  Upper  Oligocene  or  Aquitanian  stage  ;  in  the 
Bordelais  (Bordeaux  district)  the  beds  are  all  marine,  but  these  pass 
eastward  into  eatuarine  and  lacustrine  deposits  (fiazadois  type) 
containing  the  characteristic  Helix  Bamondi  and  Oydoitomt  anttqwim 
with  species  of  Limnaa  and  Ptanorbi*  and  mammalian  remains.. 


6.  i 

An  immense  lacustrine  area,  sometimes  invaded  by  the  sea, 
existed  in  Switzerland  during  Oligocene  and  Uiocene  times,  the 
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strata  ticcumulated  vithin  its  limits  attaining  a  thickness  of  7000 
or  8000  feet 

"Nothing,"  says  Jokes,  "is  more  calculated  to  strike  the 
geolt^cal  traveller  on  his  first  visit  to  Switzerland  than  the  vast 
deposit  of  the  '  Molasse,'  occupying  the  central  region  between  the 
Alps  and  the  Jura.  This  is  the  country  of  the  great  lakes, 
eiteuding  from  that  of  Geneva  to  that  ot  Constance.  The  hills  by 
which  these  lakes  are  environed  have  all  the  nigged  and  broken 
character  of  mountaina,  and  rias  in  peaks  of  various  altitudes  up  to 
that  of  6050  feet,  which  is  the  height  of  Rhigi  Kuliii.  These  hills, 
which,  if  they  were  not  overshadowed  by  the  still  loftier  Alps, 
would  themselvea  be  celebrated  mountainB,  are  composed  from  tap 
to  bottom  of  beds  of  sand  and  gravel,  occasionally  compacted  into 
sandstones  and  conglomerate." 

The  lowest  beds  are  marine,  and  appear  to  be  of  the  same  age 
as  the  Rupelian  Beds  of  Belgium ;  their  thickness  is  about  1000 
feet  These  are  overlain  by  the  "  red  molasse,"  which  consists 
of  red  conglomerates,  sandstones,  and  mails,  and  the  portion  which 
is  referable  to  the  Oligocene  attains  a  thickness  of  1300  feet; 
from  these  beds  a  large  number  of  plant -remains  hare  been 
collected,  including  species  of  Sequoia,  alders,  birches,  figs,  laurels, 
cinnamon-trees,  and  evergreen  oaks. 

Phtsioal  and  OxoaRAPBiCAL  CoNSrnoita 
At  the  beginning  of  Oligocene  time  the  geography  of  the 
British  area  seems  to  have  been  as  follows:  —  to  the  east  of 
England  there  was  a  sea  covering  Belgium  and  a  part  of  the 
North  Sea  and  extending  eastward  over  Germany,  while  a  smaller 
and  shallower  sea  lay  over  the  Parisian  basin  and  stretched  thence 
north-westward  across  the  English  Channel  into  Hampshire,  and 
reaching  perhaps  into  North  Doraet  and  Somerset  Whether  there 
was  any  communication  between  these  two  seas  across  what  is  now 
the  plateau  of  the  Ardennes  is  a  doubtful  point  on  which  French 
and  Belgian  geologists  are  not  yet  agreed  ;  it  ia  also  doubtful 
whether  there  was  any  opening  westward  into  the  Atlantic,  but 
there  must  have  been  a  connection  with  the  open  sea  either  on 
the  one  side  or  the  other. 

The  coasts  of  the  Anglo-Parisian  sea  were  probably  low  and 
swampy,  backed  by  extensive  tracts  of  low-lying  ground  which 
were  inhabited  by  a  large  number  of  mammalian  animals,  the  remote 
ancestors  of  the  tapirs,  rhinoceroses,  hogs,  deer,  and  carnivores  of 
the  present  day.  The  western  part  of  Britain,  including  the  land 
which  in  all  probability  then  united  Ireland  to  Wales  and  Cornwall, 
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was  a  region  of  iaUe  and  mountains,  among  which  many  lai^ 
riven  had  their  origin.  One  of  these  riven  probably  ran  dirough 
the  vale  of  the  Briatol  Channel  and  emptied  itself  into  the  estuarine 
termination  of  the  Hampshire  gulf,  and  a  second  river  flowing 
from  the  direction  of  the  Severn  valley  may  have  eoded  in  the 
same  gulf. 

The  Headon  Beds  present  us  with  a  section  through  part  of 
the  delta  of  this  river.  The  alternation  of  marine,  hrackish,  and 
freshwater  beds  is  due  partly  to  the  process  of  subsidence  and 
silting  up,  partly  ;^rhaps  to  change  in  the  course  of  the  river 
channel,  but  the  northerly  and  easterly  increase  of  the  marine 
strata  (Brockenhniet  Beds)  and  the  southerly  increase  of  the  fresh- 
water limestones  are  &cts  which  prove  the  deepest  part  of  the 
estuary  to  have  lain  to  the  north-east  of  the  Isle  of  Wight,  and 
to  have  trended  from  north-west  to  south-east. 

The  muddy  flats  of  this  estuary  swarmed  with  Cerithiida, 
Cyreaida,  et«.,  while  the  pools  of  the  delta  were  peopled  by  species 
of  PlaaorbU,  LtmruEo,-  Viviparax,  etc,  the  dead  shells  of  which 
were  swept  down  into  the  lower  reaches  of  the  river  ;  crocodiles, 
gavials,  and  turtles  abounded  in  its  waters  as  in  those  of  modem 
tropical  rivers,  and  its  banks  seem  to  have  been  clothed  with  a 
Iniuriant  vegetation  of  reeds,  ferns,  and  palms. 

The  same  conditions  prevailed  during  the  formation  of  the 
Bembridge  and  Hamstead  Beds,  with  local  variations,  till  we 
reach  the  more  purely  marine  beds  at  the  summit  of  the  Hamstead 
group,  from  which  we  must  infer  that  part  of  the  estuarine  area 
was  re-occnpied  by  the  sea,  and  it  seems  probable  that  this  was 
due  to  subsidence. 

When  we  consider  that  the  whole  of  the  British  Oligocene 
series  consists  of  shallow-water  deposits,  it  is  evident  that  a  certain 
amount  of  subsidence  must  have  taken  place  during  the  period 
in  order  to  allow  of  the  accumulation  of  such  a  thickness  of  beds 
(600  feet).  The  Belgian  succession  and  the  comparatively  deep- 
water  character  of  the  argile  de  Boom,  which  is  generally  regarded 
as  the  equivalent  of  our  Hamstead  Beds,  point  to  the  same  con- 
clusion. It  is  probable,  however,  that  ^is  subsidence  was  more 
or  less  limited  to  the  basins  of  deposition,  and  it  may  have  been 
contemporaneous  with  and  complementary  to  a  rise  of  the  Wealden 

The  records  of  the  Hampshire  delta  are  here  abruptly  broken 
off,  and  we  have  no  means  of  ascertaining  the  last  phases  of  its 
history  ;  we  can  only  guess  from  the  analogy  of  the  French 
deposits  that  there  was  a  gradual  upheaval  of  the  whole  area, 
and  that  the  depressions  of  this  terrestrial  surface  were  occupied 
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by  Itu^  lakes.  Whether  any  such  lakes  existed  on  British 
ground  we  do  not  know,  but  many  were  scattered  tlirough  the 
centre  of  Europe,  in  France,  Switzerland,  Qennany,  and  Austria. 

The  following  is  Lyell's  picture  of  the  Auvergne  lakes  in 
Oligooeue  times : — 

"There  was  first  a  period  when  the  epadoue  lakes,  of  which 
we  may  still  trace  the  boundarieg,  lay  at  the  foot  of  (granitic) 
mountains  of  moderate  elevation,  unbroken  by  the  bold  peaks 
and  precipices  of  Mont  Dor,  and  unadorned  by  the  picturesque 
outline  of  the  Puy  de  Dome,  or  of  the  volcanic  coneA  and  craters 
now  covering  the  granitic  platform.  During  this  earlier  scene 
of  repose  deltas  were  slowly  formed  ;  beds  of  marl  and  sand 
several  hundred  feet  thick  deposited  ;  siliceous  and  calcareons 
rocka  precipitated  from  the  waters  of  mineral  springs ;  shells 
and  insects  embedded,  blether  with  the  remains  of  the  crocodile 
and  tortoise ;  the  e^  and  bones  of  water-birds,  and  the  skeletons 
of  quadrupeds,  most  of  them  of  genera  and  species  characteristic 
of  the  Miocene  (Oligocene)  period.  To  thia  tranquil  condition 
of  tbe  surface  succeeded  the  era  of  volcanic  eruption,  when  the 
lakeH  were  drained  and  when  the  fertility  of  ^e  mountainous 
district  was  probably  enhanced  by  the  igneous  matter  ejected 
from  below,  and  poured  down  upon  the  more  sterile  granite." 
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CHAPTER    XVII 

NEOflENB    SY5TKM 

The  Newer  Tertiary  strata,  i-e.  those  which  are  newer  than  the 
Oligocene  series,  have  so  much  in  commoD,  both  as  regards  their 
mode  of  ORCurrence  and  the  gpecies  of  foasib  which  thej  contain, 
that  they  can  hardly  be  conaidered  t4  form  more  than  one  system, 
and  even  when  bo  grouped  together  it  is  only  in  the  south  and 
south-east  of  Europe  that  they  constitute  a  series  of  deposits 
comparable  in  tliickness  and  extent  to  those  of  older  systems. 

As  explained  on  p.  458,  the  name  Neogene  will  be  adopted  for 
this  system,  and  it  will  he  regarded  as  including  the  three  groups 
or  series  which  were  termed  Miocene,  Pliocene,  and  Pleistocene  by 
Lyell.  It  IB  true  that  many  geologists,  both  in  this  country  and  on 
the  Continent,  exclude  the  Pleistocene  from  the  Neogene  system 
and  place  it  in  what  they  call  a  Quaternary  or  Post- Tertiary 
system,  but  the  only  essential  difference  hetweeo  the  Neogene  and 
the  Quaternary  is  that  the  remains  of  man  have  hitherto  only  been 
found  in  the  latter.  It  would,  however,  be  rash  to  say  that  man 
did  not  exist  during  the  later  part  of  Pliocene  time,  and  thus  the 
distinction  on  which  a  Qnatemary  system  is  based  must  be 
regarded  as  an  assumption.  No  hard-and-fast  line  can  be  drawn 
between  deposits  of  Pliocene  and  Pleistocene  age,  and  from  a  purely 
geolt^cal  point  of  view  it  is  more  logical  and  correct  to  say  that 
Tertiary  time  merges  into  the  Recent  or  Historic  period  than  to 
imagine  that  Tertiary  time  ended  when  man  first  appeared. 

When  the  Miocene,  Pliocene,  and  Pleistocene  groups  were 
established  by  Lyell  the  percentage  of  living  species  of  mollusca  in 
each  fauna  was  taken  as  a  guide  and  as  a  criterion  of  age,  but  subse- 
quent researches  have  shown  that  the  percentages  originally  adopted 
by  Lyell  cannot  be  sustained,  and  that  if  the  principle  is  to  he  retained 
the  proportional  numbers  must  be  altered,  and  further,  that  much 
latitude  must  be  allowed  in  certain  cases.  It  may  be  considered, 
G06 
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however,  that  the  Miocene  moUiucan  fauna  has  oal^  from  ten  to  fort; 

living  species,  the  Pliocene  from  forty  to  ninety,  and  the  Pleistocene 
from  ninety  to  a  fauna  without  species  that  are  more  than  locally 
extinct,  and  finally  to  one  that  does  not  diffex  from  that  of  the 
snrronnding  conntry  or  neighbouring  sea. 

Some  geologists,  however,  prefer  to  take  the  mammalian  faunae 
as  a  guide  instead  of  the  mollusean,  and  to  take  note  of  the  extinction 
of  genera  rather  than  of  the  introduction  of  new  apecies.  Agree- 
ment ou  this  question  has  not  yet  been  reached,  and  there  are 
differences  of  opinion  as  to  the  respective  limits  of  the  three  groups. 
In  this  matter  I  shall  follow  the  arrangement  adopted  by  Mona  de 
Lapparent  in  the  last  edition  of  his  TraiU  de  04ologie  (1900), 
except  that  it  seems  better  to  include  the  Tortonian  under  the 
Selvetiam.. 

A.  Miocene  Series 

Between  the  formation  of  the  latest  Oligocene  deposits  and  the 
earliest  Miocene  bede  of  Western  Europe  there  seems  to  have  been  a 
certain  interval  of  time  during  which  geographical  changes  of 
considerable  magnitude  took  place,  and,  as  a  consequence,  there  is  in 
most  places  a  decided  stratigraphical  break  between  the  strata  of  the 
two  series.  Thus  in  France  the  great  lakes  and  lagoons  of  the 
Aqnitanian  epoch  disappeared  and  the  whole  country  appears  to 
have  been  elevated  into  dry  land ;  the  same  was  the  case  in  Belginm 
and  in  Oermany,  and  for  a  time  the  whole  of  Northern  Europe 
(including  the  British  Islands)  seems  to  have  formed  a  compact 
continent 

When  depression  again  took  place,  the  sea  did  not  everywhere 
re-enter  the  previous  areas  of  deposition  ;  the  Atlantic  did  again 
cover  a  portion  of  Aquitaine,  but  it  also  upread  into  Touraine  and 
along  the  valley  of  ihe  Loire,  and  in  both  areas  the  Miocene  deposits 
rest  unconformahly  on  those  below.  There  are  marine  Miocene 
deposits  in  Southern  Germany,  but  none  in  the  northern  part  of  that 
country,  and  it  was  not  till  near  the  close  of  the  period  that  an  arm 
of  the  sea  entered  Belgium,  Holland,  and  Westphalia. 

In  South-eastern  Europe  and  in  the  Mediterranean  area  there  is 
a  greater  continuity  between  the  Oligocene  and  Miocene,  but  a 
renewed  subsidence  carried  marine  Miocene  deposits  in  many  places 
over  a  wider  area,  while  further  uplifts  in  the  Pyrenean,  Alpine, 
and  Apemtine  regions  made  these  ranges  much  more  prominent 
features  than  they  had  previously  been. 

With  regard  to  the  subdivision  of  the  Miocene  series,  agreement 
has  not  yet  been  attained ;  but  if  the  Fontian  or  Pamtonian  be 
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re&lly  seporebte  froDi  the  Sarmaltan,  four  stages  may  be  admitted  aa 
ahown  in.  the  accompanying  table  (see  p.  G10).|F  No  repreeentative 
of  this  aeriea  haa  been  found  in  the  British  lalea,  and  for  the  nearest 
depoflite  of  Lower  Miocene  age  we  must  go  to  the  west  of  Fiance, 
to  Switzerland,  and  Austria  ;  they  also  occur  in  Italy  and  Greece, 
and  again  round  the  Black  Sea,  whence  the  name  of  Pontian  has 
been  given  to  the  uppermost  beds. 

Life  op  the  Period 

The  flora  of  the  lower  atogea  of  the  Miocene  doea  not  differ  very 
greatly  from  that  of  the  Oligocene  period,  and  indicates  a  climate  of 
sub-tropical  warmth,  but  that  of  the  later  stages  furnishes  evidence 
of  a  certain  dimiuution  of  temperature  and  probably  of  an  increase 
of  the  winter's  cold.  It  was  during  tbia  period  that  palms  ceased 
to  be  abundant  in  Central  Europe. 

One  of  the  best-known  floras  is  that  of  the  (Eninghen  beds  of 
Switzerland,  from  which  no  fewer  than  475  species  of  plants  were 
obtained  by  Professor  Heer.  These  include  a  vine  (Fitu  teuloniea), 
plane-trees  (Platanug  mxroida),  maples  (Acer  triiobatv,m),  cinnamons, 
figs,  elms,  liquidombars,  cypresses  {TaxBditvm,  and  Gly^to^Tobta), 
wiUi  a  few  ProUaeefr.  Looking  to  the  Miocene  flora  as  a  whole. 
Professor  Heer  remarks  that  "  increased  prominence  is  given  tO' 
the  Japanese  types  by  the  abundance  of  camphor-trees  and 
Qlyploelrobi ;  to  the  Atlantic  element  by  the  laurels;  to  the 
American  types  by  the  numerous  evergreen-oaks,  maples,  poplars, 
planes,  liquidambars,  Robima,  Stqwnrr,  Taxodia,  and  ternate-leaved 
pines  ;  and  to  the  types  of  Asia  Minor  hy  the  PlaneriE  and  a  species 
of  poplar  {Popidui  ravtahilii}.  The  greatest  number  and  the  most 
important  of  the  types  of  the  Swiss  Miocene  flora  belong,  therefore, 
to  a  belt  lying  between  the  isothermal  lines  of  5S°  and  77°  Fahr., 
and  in  this  zone  America  is  now  the  region  which  is  most 
correspondent  to  the  natural  character  of  tbe  Swiss  Miocene  land." 

Among  invertebrate  animals  the  echinoderms  are  perhaps  tbe 
most  noteworthy,  and  they  are  conspicuous  members  of  the  marine 
fanna  in  the  French,  Italian,  and  Austrian  regions  ;  the  principal 
genera  are  Clypeatier,  Amphiope,  Smtella,  Eeltinclamjxu,  Spatangiis, 
and  Arhaeia. 

The  marine  moUusca  all  belong  to  living  genera,  but  form  an 
assemblage  which  resembles  that  now  found  in  the  Caribbean  Sea 
more  than  that  of  the  existing  Lusitanian  and  Mediterranean 
provinces,  and  the  same  is  the  case  with  the  echinoderra  fauna. 
In  the  brackish  waters  of  Eastern  Europe  the  bivalves  Congeria, 
Adaena,  Monodacna,  and  Didaaia  made  their  appearance  and  have 
left  descendants  in  the  Caspian  Sea  of  the  present  day. 
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It  ia,  however,  the  vertebiatee,  and  especially  the  Mammalia, 
which  form  the  most  characteristic  and  distinctive  features  of  the 
Miocene  fauna.  When  this  &uiia  is  contrasted  with  that  of  the 
Oligocene  the  principal  changes  are  Been  to  be  aa  follow :  (1 )  the  appear- 
ance of  Proboscidea  in  the  genera  Dinctherium  and  Maitodan ;  (2)  the 
replacement  of  the  Paheotherei  and  Anthracotherea  by  true 
rhinoceroses,  both  of  the  hornless  {AceroOurvijiC)  and  homed  type 
{RhinQceroi) ;  (3)  the  appearance  of  large  cats  (Madiarodui) 
comparable  to  modem  panthers  and  tigers  ;  (4)  the  appearance 
of  monkeys  and  apes;  (6)  the  disappearance,  of  mareupials  from 
Europe. 

The  assemblage  of  animals  was  thua  very  different  from  that  of 
Oligocene  times,  Acerothtrium,  AneMtherium,  and  Amphicyon  being 
almost  the  only  mammals  that  survived  &om  the  one  period  to  the 

The  Dinotheriwrn  was  remarkable  for  having  two  large  tusks  in 
the  lower  jaw,  which  curve  downwards  and  are  supposed  to  have  been 
used  by  the  animal  to  moor  himself  to  the  banks  of  the  lakes  in 
which  he  lived  while  he  fed  upon  the  herbage.  The  Mattodon  hod 
long  tusks  in  both  jaws,  and  was  more  like  an  elephant  in  build, 
and  probably  also  in  habits. 

Small  deer  with  boms  mode  their  appearance  at  this  time,  bnt 
the  horns  were  very  small ;  the  pig  tribe  were  represented  by 
PalaochtBnu,  which  first  appears  in  the  highest  Oligocene  of  the 
Allier,  and  by  Syotherium,  a  closely  allied  genua.  The  carnivores 
include  MaeJuerod'Oi  (the  sabre-toothed  tiger),  Syarutretot  (a  bear-like 
animal),  with  otters  {Lv,tra\  cats,  and  foxes.  Beavers  made  their 
dams  across  the  streams  ;  a  gigantic  ant-eater  {Macrotheriaw)  tore 
up  the  ant-hilla  with  his  great  claws  ;  lastly,  true  apes  made  their 
appearance,  several  forms  being  known  {Pliopitheciii,  Dryopiiheeui, 
and  Oreopitheciu),  the  two  former  being  anthropoid  apes  of  lai^ 
size,  and  the  latter  intermediate  between  these  and  the  Borbary 
ape  (Mocaciu). 

With  the  Ponttan  epoch,  here  classed  as  Miocene,  but  by  some- 
referred  to  the  Pliocene,  a  further  introduction  of  mammalian 
genera  was  effected. 

The  plains  of  Pikermi  in  Greece,  which  then  stretched  far 
southwards  into  the  area  now  covered  by  the  Mediterranean, 
supported  lai^e  herds  of  antelopes  and  gazelles,  varying  in  size  and 
form,  and  for  the  most  part  allied  to  those  of  Africa.  With  these 
was  an  animal  of  intermediate  form  between  the  giraffe  and 
antelopes  {HeUadotheriam),  allied  to  the  short-neeked  giraffe  or  okapi 
recently  discovered  in  Africa.  Herds  of  small  wild  asses  (ffi^ipartoit), 
intermediate  in  structure  between  Anek^herium  and  the  hotse,  also 
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ecoured  07er  these  pI&iiLB.  Numerous  camivoreB  folloired  and 
preyed  on  the  herbiToroua  animals— lai^  cats  snd  p&nthers 
(including  Maehimvihu),  Hyana,  letilheriam,  Syanicttt  (a  form 
intermediate  between  Hyana  and  Ictitherium). 

Stratioraphy 

A  complete  series  of  Miocene  deposits  is  not  to  be  found  nearer 
than  Austria  or  Italy,  but  the  older  Miocenes  ore  well  developed  in 
France,  and  consequently  theae  may  be  described  first 

1.  France 

Basin  of  the  Loire. — The  "faluns-  of  TonTaine"  was  taken 
by  Lyell  as  the  type  of  the  Uiocene  of  Western  Europe.  The 
name  "faluns"  is  a  local  agricultural  term  applied  to  loose  marly 
or  shelly  sands  which,  like  the  shelly  "crag"  of  Suffolk,  were 
formerly  spread  over  the  land  for  fertilising  purposes.  The  beds 
occur  in  scattered  patches  or  tracts  over  a  considerable  area  of 
country,  extending  from  the  mouth  of  the  Loire  to  beyond  Tourv, 
and  also  along  the  banks  of  the  Cher. 

Sir  C.  Lyell  describes  the  faluns  ob  conaiating  generally  of  sand 
and  sandy  marl  full  of  shells  and  corals,  some  entire,  others  rolled, 
and  others  in  minute  fragments,  and  the  beds  are  seldom  more 
than  00  feet  thick;  aometimea,  as  at  Dou^,  near  Saumur,  "they 
form  a  soft  building- stone,  chiefly  composed  of  an  a^regate  of 
broken  shells,  bryozoa,  corals,  and  echinoderms,  united  by  a 
calcareooB  cement,  the  whole  mass  being  very  like  the  coralline 
crag  of  Suffolk,"  to  be  described  on  a  later  page. 

The  foseQ  contents  are  those  of  a  shallow  but  very  warm  sea. 
According  to  Edward  Forbes  they  imply  that  the  beds  were 
accumulated  between  low-water  mark  and  a  depth  of  10  fathoms. 
Cardita  affinit,  CaTdiam  turonicum,  Venvt  clothrala,  and  Valuta  Lam- 
berti  occur,  with  seven  species  of  Gypriea  and  eight  of  Cimiu,  some 
of  them  being  much  lat^r  than  any  living  Mediterranean  cowry 
or  cone  j  species  of  Oliva,  AneilUi,  Mitra,  Terebra,  Pyrula,  Murex, 
Faieiolana,  and  NerUa  are  present,  so  that  the  assemblage  ia 
decidedly  tropical.  The  bones  of  extinct  Cetacea  are  occasionally 
found  together  with  remains  of  the  terrestrial  Mammalia — Dino- 
(fteriiiiTi,  Maitodon,  Rkinoeerot,  HvppopoUxmui,  and  Deer. 

Brittany  and  Normandy. — Small  patches  of  faluns  occur 
still  farther  north,  near  the  towns  of  Diuan,  Bennes,  and  in  the 
Cotentin  district  M.  Doltfus  describes  the  Cotentin  faluns  as  a 
soft  calcareous   rock,   often   entirely  composed  of  rolled  o^anic 
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debrig  (orust&ce&,  molluBca,  brjoioa,  and  echinoderms),  cemented 
by  a  wbitieh  granular  paete.  Some  beds  are  very  hard,  others 
Boft  and  pebbly,  with  gmiDB  of  quartz  and  fiagmenta  of  the 
neighbouring  rocks ;  the  thickness  is  not  more  than  20  feet,  and 
it  is  known  to  oveilie  the  local  Oligocene  limestone.  Excepting 
brjozoa,  the  fossils  which  can  be  identified  are  few,  but  the 
general  facies  is  that  of  the  faluns  of  the  Loire ;  it  is  quite 
poMible,  however,  that  the  deposit  is  of  somewhat  newer  date  than 
the  more  southern  Miocene. 

Baain  of  the  Oironde. — Near  Bordeaux  and  at  several  places 
in  the  department  of  the  Gironde  patches  of  sandy  faluns  like  those 
of  Touniine  overlie  the  Aquitanien  stage  of  the  Oligocene  series.^ 
There  is  no  continuous  section,  but  the  patches  have  been  correlated 
by  their  faunas  and  are  believed  to  occur  in  the  order  given  on 
p,  610  in  the  column  headed  Aquitaine, 

The  lowest  beds  at  L^ognan  contain  many  fish  teeth  and 
echinoderms,  and  at  Felons  a  fauna  of  about  400  speciefl  has  been 
obtained,  the  molluscs  including  Banella  luAeroM,  Tudiela  rvttitula, 
Strombui  Bontlli,  and  Melongena  comvia.  The  higher  faluns  of 
L^nan  yields  Twrittlla  terebrtUit,  T.  (Protoma)  caUudraiis,  TrrAra 
Baittroti,  etc.,  and  that  of  Sancsts  has  Ttrebra  ftucata,  T.  ptitxtria, 
Oerilhiitm  pidum,  OUva  Basteroli,  and  many  other  shells,  some  of 
them  preserring  their  original  colours. 

In  the  Helvetian  stage  are  placed  the  molaase  of  Martignas,  a 
yellowish  sandy  clay  in  which  echinoderms  (such  as  Eehviolampat 
hemi^htrieiu)  are  abundant,  and  the  foluns  of  Salles,  which  is 
comparable  with  that  of  Touraine  and  contains  Cardila  Jouanndi, 
Pecteti  solarium,  Ottrta  hngiTotlnt  {  =  er(utiiima),  Volula  LtmAerli, 
GoMit  sabuTon,  and  Murex  IvroneniU. 

2.   Bdgivm 

No  deposits  quite  comparable  to  those  above  described  have  yet 
been  found  in  Belgium,  but  near  Antwerp  the  Pliocene  sands  rest 
on  some  dark  gray  and  green  sands  which  have  been  called  the 
"Black  Crag"  and  appear  to  be  of  late  Miocene  age.  They  are  of 
small  thickness  (about  30  feet),  but  are  divisible  into  two  zones  or 

Green  sand  with  PeciunciUia  piUmu, 
Fine  clayaj  sand  nith  Panopaa  Menardi. 

(1)  The  Bands  with  Panopixa  Menardi  rest  on  the  Rupelian  clay 
(Oligocene),  and  have  at  their  base  a  pebble  bed  containing  rolled 
blocks  of  eeptaria  derived  from  that  clay,  and  ohm  pierced  by 
Ptudat  borings;  above  are  9  or  10  feet  of  gray  and  somewhat 
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clayey  eand  full  of  ahellB,  aiaoi^  which,  besides  P.  Menardi,  &rc 
Miirex  Ny»li,  Gonui  Di^ardini,  PltUTOtoma  interrupla,  AttarU  raditUa, 
Gardita  irtttriMdia,  Vmu$  muililaToeUa,  Saiianw  amtioa,  and  Lueina 
boreatit.  (2)  Above  this  are  dark  glaacouitic  sands,  with  Ptetwnetdut 
.  pUotut,  Oibrea  navieulaTTs,  Peeten  G(aMavdi,  and  some  of  the  same 
species  occurring  in  the  bed  below, 

3.  Swiixerland 

The  greater  pajt  of  the  low  country  lying  between  the  Jora  and 
the  Alps  consists  of  Oligocene  and  Miocene  strata.  The  Oligocene 
beds  described  on  p.  499  are  succeeded  by  the  following  groups  in 
ascending  order : — 

Mayence  Qroup,  or  Qray  Uolasoe. — Sandstones  with 
■remains  of  teireatrial  plants,  and  including  on  intercalated  marine 
band  with  Murec  plicatut,  Veniu  elaihraia,  Ostrea  eramisHma,  and 
OerithiTim  ligmtarium. 

Helvetian  Qroup. — At  the  base  are  marine  sandstones  and 
calcareous  conglomerates,  with  Oonua  venttieetai,  Ptetwiealtu 
glyixmerU,  Paaoptea  Faujad  (  —  P.  Menardi),  etc,  37  per  cent  of 
the  species  being  recent  Mediterranean  or  tropical  forms. 

CBnitighen  Btdt. — These  ore  of  freshwater  origin,  consisting  of 
sands,  marls,  and  limestones,  with  seams  of  lignite. 

The  (Eiiinghen  Beds  have  yielded  an  immense  number  of  plant 
and  insect  remains  to  the  researches  of  Professor  Heer,  who  records 
no  less  than  500  species  of  plants,  and  between  800  and  900 
species  of  insects.  The  flora  contains  a  mixture  of  generic  forms 
which  are  now  characteristic  of  widely  separated  countries. 
American  forms  predominate  ;  next  in  number  ^tand  modem 
European  genera  ;  with  these  are  some  Asiatic  types,  and  a  few 
Proteaeta,  an  order  which  now  flourishes  in  South  Africa  and 
Australia.  Among  insects  wood-eating  beetles  are  particularly 
abundant.  With  these  are  remains  of  fish  and  freshwater  tortoises, 
a  huge  salamander  {Ajidriat  Sdieudiaeri),  which  was  taken  for  a 
hnman  skeleton  when  flnt  discovered ;  also  bones  of  Binotkerium 
giganUum,  Maitodon  tapiroidet,  Palttomeryx  eminent  (a  ruminant), 
OaUcynui  (Eningentit  (a  fox  having  affinities  with  the  civet  cat, 
hares,  beavers,  and  many  small  carnivores. 

4.  Atutria 
Miocene  strata  cover  a  large  area  in  Austria,  and  are  well  d»- 
veloped  in  the  Vienna  basin,  where  they  attain  a  thickness  of  aboat 
1100  feet  and  exhibit  a  complete  Miocene  socceseion. 

Burdigallan. — The  lowest   beds  are  the  sands  and   clays  of 
2  L 
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Horn,  Molt,  and  G&ndemdorf,  containing  Oitrta  e 
riteUa  lurru,  T.  (Protoma)  calhedralu,  and  Potamideg  plioatum  ;  above 
UuM  b«da  ia  the  moUsse  of  B^enburg,  and  stitl  higher  a  thick 
deposit  of  Muidj  clay  known  as  the  Schlier,  and  containing  Atma 
Atvri,  Puten  denvdatui,  Cryplodon  angvlaiwm,  and  other  ahells.  The 
total  thickness  varies  from  SOO  to  over  600  feet 

Helvetian. — At  the  base  of  this  stage  are  the  sands  of  Gmnd 
with  Tvdida  eomuta,  sncceeded  hj  the  Leithakalk,  a  masaive 
limestone  made  up  largely  of  Foraminifera  and  Nulli pores 
(Litlu^hamniotii,  and  characterised  bj  Clyfeiuter  ottwodoliu,  Peettn 
iotunmti*,  Cai»i*tabur<m,  BantHamaTginata,BjiA  reef-building  corals, 
all  indicating  a  warm  sea.  Elsewhere  the  limestones  are  replaced 
by  marls  (Badentegel)  which  contain  Gardita  Jouamuti,  AneiUa 
glandiformU,  and  many  species  of  PUuroloma. 

Sarmatian.— This  consists  of  sandstones  and  sandy  clays  con- 
taining an  abundance  of  shells,  but  hardly  any  corals,  echinodenns, 
or  bryozoa.  The  fauna  has  some  affinities  with  that  of  the  Black 
Sea,  and  is  believed  to  indicate  a  similarity  of  geographical  cou- 
ditions,  namely,  a  narrow  communication  with  the  Mediterranean 
Sea,  and  the  influx  of  large  rivers  producing  a  diminution  in  the 
aaltneas  of  the  water.  At  the  base  are  sands  with  Centhiuvi  pietum, 
about  150  feet  thick,  and  affording  a  good  supply  of  water  to 
Vienna ;  above  are  marly  clays  (300  feet)  with  a  fauna  of  more 
temperate  aspect  than  that  of  the  Helvetian,  the  commonest  shelb 
being  Tapa  grtgaria,  Maetra  podol'iea,  and  Bitecinum  duplieatvm. 
The  flora  reaemblea  that  of  (Eninghen,  but  without  the  palms. 

Fontlan  or  Oomrerla  Beda.— These  consist  mainly  of  day, 
often  300  feet  thick,  which  is  the  deposit  of  a  large  inland  sea. 
The  prevalent  shells  are  species  of  Gmigeria,  0.  conglobota  occurring 
in  the  lower  part,  with  0.  triangularii  and  C.  rhomhoidea  in  higher 
beds,  with  species  of  the  peculiar  Cardiade,  Adacna,  and  lionodaena, 
like  those  of  the  Caspian  Sea.  These  Ck>ngeria  beds  extend  east- 
ward through  Hungary,  Croatia,  Roumanis,  and  Southern  Russia  U> 
the  Caspian  Sea  and  Lake  Aral,  which  lakes,  together  with  the 
Black  Sea,  may  be  regarded  as  remnants  of  the  ancient  and  much 
larger  Pontian  Sea 

6.  Italy  and  Gretee 

It  will  be  seen  from  the  table  on  p.  510  that  Italy  also  contains 
a  complete  snccession  of  Miocene  deposits,  and  that  their  thickness 
amounts  to  nearly  5000  feeL  The  Burdigalian  and  Helvetian 
stages  appear  to  have  been  formed  in  a  Mediterranean  Sea  of 
rather   larger  extent  than  the  existing   Mediterranean,  while  the 
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Sonnatian  and  Pontian  beda  fnmiab  a  record  of  the  gradual  con- 
traction of  thia  sea  lo  a  large  inland  sea,  cut  off  from  the  Atlantic, 
and  apparently  also  separated  from  the  Pontiau  Sea  hy  the  high- 
lands of  Dahnatia  and  the  Balkans. 

In  Greece  no  depoeita  of  the  older  Miocene  have  yet  been  found, 
hut  beds  referable  to  the  Sarmatian  and  Pontian  stages  occur 
at  Pikermi  in  Attica  and  in  the  Isle  of  Samoa.  The  latter  have 
yielded  the  remarkable  fauna  dsacribed  on  p.  S09.  The  hones 
occur  in  immense  numbers  in  a  soft  red  marly  matrix,  which 
hardens  on  drying.  The  bones  are  moetly  separate,  and  some  are 
broken,  but  many  complete  limbs  occur  with  the  bones  in  their 
natural  position,  hb  if  they  had  been  all  washed  down  together  from 
higher  ground  during  heavy  floods. 

B.  The  Pliocene  Sebiss 

The  only  parts  of  Europe  where  Pliocene  deposits  attain  any  great 
thickness  are  Italy  and  Holland.  In  the  former  country  they  reach 
more  than  1000  feet  in  depth,  and  were  accumulated  during  a  alow 
subsidence  which  carried  the  aea  up  to  the  foot  of  the  Apennines  ^ 
the  period  closed  with  aubterranean  disturbances  which  resulted 
in  the  formation  of  the  later  volcanoea  (Etna,  Teanviua,  and  the 
Phlegnotm  flelda)  and  iu  the  upheaval  of  the  Italian  plains. 

In  other  parts  of  Europe  the  Pliocene  deposits  are  of  small 
thickness  and  extent,  and  were  moetly  accumulated  in  shallow  seas 
not  far  removed  from  the  existing  coaat-linea  of  the  Continent.  Of 
these  deposits  good  examples  are  found  in  our  eastern  counties  and 


The  oldeat  Pliocene  deposits  iu  England  occnr  only  in  Kent 
and  as  derived  nodules  ("boxatonea")  at  the  baae  of  the  Suffolk 
crags.  The  later  Pliocenes  occupy  a  conaiderable  area  in  the 
eastern  parts  of  Essex,  Suffolk,  and  Norfolk,  restii^  unconformably 
either  on  the  London  Clay  or  on  the  Chalk.  A  small  patch  haa 
also  been  discovered  in  the  west  of  Cornwall. 

The  English  Pliocene  haa  hitherto  been  generally  divided  into 
an  older  and  a  newer  division,  it  being  supposed  that  there  was  a 
decided  break  between  the  Coralline  Crag  and  the  Red  Crag,  both 
faunally  and  phjaically  ;  but  recent  researchea  have  abown  that 
moat  of  the  common  foeailB  of  the  Coralline  Crag  occur  also  in  the 
more  southern  part  of  the  Bed  Crag,  while  it  also  appears  that  the 
h^her  craga  to  the  north  of  Aldeburgh  are  quite  aa  diatinct  from 
the  Red  Crag  as  that  is  from  the  Coralline.  Hence  the  aeries  seems 
to  (all  naturally  into  three  groups  or  stages,  which  may  be  tabulat«d 
03  below ; — 
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t  Cromer  Fonst  Bed  .     "l 

aSza  :    ;    .wmr^. 
Honrich  Crag  J 

ifBntleycrtg        | 
R»d  Cng-{  Nevbonm  cru   Voombiiied  up  to  70  TmI. 
I  Walton  cng       ) 
ConUine  Crag    .  .  about  70  faet 

Leubam  Beda  .  thickntn  unknown. 

Lite  of  the  Pkbiod 

*"  Very  few  of  the  invertebrate  foBsilB  belong  to  extinct  genen, 
and  the  m^ority  of  the  species  &re  either  identical  with,  or  only 
T&rietiea  of  those  now  living.  Among  the  vertebratea,  however, 
the  majority  of  the  epecie*  ere  extinct,  and  a  few  belong  to  extinct 
genera,  snch  as  Madodon,  Trogontheritim,  Baitenodon,  and  Htdi- 
thtriwn.  The  Pliocene  period  i»  diHlinguished  by  the  appearanct 
of  elephants,  oxen  (Bovidte),  true  hones  {Eqviu),  bears  ^Urtut),  and 
wolves  (Ganit  lujmt),  and  by  the  abundance  of  deer  (flervida).  In 
France  and  Italy  the  Pliocene  depoeita  are  characterised  by  Mattodon 
art>«m«>uu,  Shinoeeroi  vugarhima,  R,  etnuctu,  JSUptuu  meridiotutiU, 
H^popotamtti  major,  Cerw*  auanui,  0.  •perrUri,  C.  faTdinmtit,  with 
Maduerodiu  euUHdent,  Hyima  ttriala,  bears,  and  wolves.  In 
England  tha  bed  of  phospbatic  nodules  which  occurs  at  the  base  of 
both  coralline  acd  red  crag  has  yielded  the  following — Madod/m 
arvemmgu,  Shinocenu  ineieiviu,  R  Schitiermacheri,  HipparUm  graciU, 
Eiephai  meridvmalit,  Ctrw*  diertMOctrat,  C.  guttoneruit,  Tapinu 
arvematiiM,  Felit  pardoidet,  Syana  itriata,  and  SuipaJaodutrai.  Other 
species  occur  at  the  base  of  the  Norwich  crag. 

The  following  are  some  of  the  marine  fossils  which  arc 
chantcteristic  of  the  several  divisions  of  the  Pliocene  seriea  in 
England  and  Belgium  r — 

1.  FimiU  o/tJtt  Lenham  Bcdt  and  DUdian  Samda 
An/Miidli.       Ditrupa  aubulata  (ranges  to  Walton  crag). 
Bryotoa.  OnpulBria  canarienaia. 

Braehiopoda,  Terebratula  smndis. 
jUmuiiibranchia.  Area  diluvii,   Cardinm  papillosnm,  Tellina  Benedsni, 

Oaatrana  fragilis,  Ostrea  pnnceps. 
Gtutropoda.    Codus  Dujardini,  Terabn  acuminata,  Triton  hepta^nam, 

PleDrotoma   conBobrina,    P.    intorta,   Pyrula    reticulata, 

Cassia  Baboron,  Hurex  scalarifonnis. 

2.  FcaHU  o/t/u  CoraUine  Crag 
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Sdunixlervut,  EchiDui  Woodvardi,  Brianu  unicolor,  TemneebinnB  Woodj. 

BryozDa.         Cupularia  porosa,  FucicnUrU  annatinm,  AlveoUria  oemi- 

ovstn,  SalicoTDuia  crasia  (last  thres  range  to  Red  Crag). 


l^ 


Fig.  l««.-^l«onF  or  c 

rnuLLin  ciuo  nwiu. 

a.  Ecblnni  Woodwarti. 

b.  TnnnMbtniii  Woodl. 
r.  TanbntulagnuidliL 
d.  Aitarte  Omilii. 

..  Crflt.  Kid 

t  tWic'ulirt 

Braehiopoda.  Terobnitala  grandu. 

XanuJ/iiraRcAta.  Aatarte  mutabilis,  A.  Omalii,  Cardium  decorticatum, 
Cardita  aenilia,  Cj'prina  ruatica,  Pacten  Gerardi,  laocardia 
cor  (rare  in  Engliuid),  F&nopea  F&ujaai,  Limopeii  pjgnuia. 
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Qa*lntpoda.  Kingicnla  buccines,  Scalaiia  clathratuU,  Trochos  Adansoni, 
Volnta  Lnmbarti,  Naua  Ubiosa  (all  range  into  Walton 
crag). 

Besides  the  above  the  following  are  equallj  common  in  the 

CoMlline  and  Eed  crags — AttarU  BvHini,  Maclra  arcwUa,  Paien 
openviarU,  Pectwuvlut  glycimeru,  Vtnui  auma,  Catndaria  bkai^tata, 
BwxiTuipnt  Dald,  TrodM$  Adaruoni,  T^ariUUa  incmMota,  Natica  milU- 
punctata. 


3.  FottUs  i^iht  Sed  Crag 

Aetiruaoa.       Bataoophyllia  calfcnlus. 

EcKiaoderma.  Echinocjainus  puaillus. 

LameUibranchia,  Astartc  obliquata,  Dosioia  exoleta  (lentifoimia),  Cardium 
Parkiasoni,  C.  auguatatum.t  Lucina  borealis,  Mactra 
oonfltricta,+  M.  oyalis,+  Tellina  obiitiua.t 

Qattropoda.  Nassa  reticosa,  Neptunea  contraria,  N.  antiqua,'!'  Purpura 
Upillus,  P.  tetragona,  Columbclla  sulcata,  Nfttioa  liemi- 
clausa,  3calaria  KrasDlandica.f  Sipho  gracilis. 

FUh-Utth.       CaTcbarodon  raegalodoa. 

4.  Fomls  of  the  Norwich  Orog 
Few  sheila  are  confined  to  this  division,  but  some  are  more 
abundant  is  it  than  in  the  beds  below,  and  these  are  principally 
t  Those  which  are  thus  marked  are  absent  or  rare  In  the  Wallon  crag. 
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IS  at  the  preaent  time.     The  followii^  are 


Zamtil^ratieAia.  Aatarte  boreolii,  A.  compresu,  C&rdiam  edule,  Cjrprins 
uluidica,  Nnonlana  oblongoides,  Nucula  CobboldiEe,  Mya 
aranuia,  M.  tnincaU,  Hactrs  subtrabcaU,  TelUna  lata, 
T.  obliqoa,  T.  prtetenDia,  Scrobicnlaria  plana. 

Otutriipoda.  Cerithium  tricintlim,  Conovulus  pjiamidalis,  Littoiiua 
litUrea,    Natica    cateii*,    Parpors    kpfltna,    Turritella 


Most  of  these  species  occm  also  in  the  Chillesford  Beds,  with  the 
addition  o!  CardiumgrocnlandicwiiBiii  NueuUmalatueolata,  aaimoet 
of  them  are  found  in  the  Weyboum  crag,  which  latter  is  Bpeciallj 
characterised  bj  the  incoming  of  Teliina  balthicii  (^T.  toUdtila). 

The  Norwich  crag  has  also  yielded  the  fotlowing  mammalia : — 
EUjAat  antiquui,  Gennit  ardma,  U.  camutorum,  EquTU  dewmis, 
TrogonStmum  Oumeri  (an  extinct  beaver),  Gazella  anglica,  Microtui 
( a>  Arviecta)  inUmudiut, 
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6.  FouiU  of  the  Orom«r  Fond  Bed 
Authorities  have  differed  on  the  qucBtion  whether  these  beds 
should  be  regarded  a»  the  summit  of  the  Pliocene  or  the  base  of  the 
Pleistocene,  but  MesiTH.  C.  Reid,  E.  T.  Newton,  and  T.  W.  Harmer 
agree  in  claBsing  them  as  Pliocene,  though  admitting  that  they  form 
a  pasBBge  from  one  aeries  to  the  other.  The  following  is  a  brief 
V  of  the  flora  and  fauna. 


The  flora  consists  of  forest  trees  and  of  manh  or  aquatic  plants, 
and  only  two  epeoies  no  longer  live  in  Britain,  viz,  Pinut  Abie* 
(the  spruce  fir)  and  Tra^  natana  (a  pond  plant).  The  assemblage 
is  rery  similar  to  that  found  in  Elastem  Norfolk  at  the  present  day, 
and  Mr.  Beid  remarks  that  the  occurrence  of  the  maple  and  the 
hornbeam  shows  that  the  climate  cannot  have  been  much,  if  at 
all,  colder  than  it  is  now. 
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The  marine  moilusca,  of  which  there  are  only  nmeteen  Bpeciea, 
all  occur  in  the  Weyboum  Orag,  and  include  some  extinct  ipeciea, 
anch  aa  Mtlttmptu  pyramid^it,  TtitiTut  obliqvOf  and  Nveula  Gobboldia. 

With  respect  to  the  land  and  freshwater  moUueca  the  Norwich 
crag  haa  yielded  twenty-six  Bpeciea,  and  all  of  these,  except  two 
recent  speciea  of  Limruea  and  one  of  Pupa,  are  aleo  found  in  the 
Foreat  Bed.  The  latter,  however,  include  many  others  which  do 
not  occur  in  older  beds,  and  of  these  some  are  extinct,  e.g.  Vwipanu 
gOtfmt,  Limax  modioliformii,  Nemaivra  runtoniana,  and  Pitidiwin 
(utartoidu,  together  with  some  that  no  loi^r  live  in  Britain,  e.g. 
Hydrobia  marginala,  H.  Steini,  Valvata  Jluvialilit,  and  Corbicuia 

The  only  remaining  teat  of  age  is  that  of  the  mammalia,  and 
when  these  are  arranged  in  three  groups,  as  below,  it  is  seen  that  they 
prove  the  beds  to  have  been  formed  just  at  the  epoch  of  transition 
from  Pliocene  to  Pleistocene  time,  a  certain  nnmber  being  survivals 
from  the  Pliocene  (either  of  Britain  or  France),  and  about  an 
equal  number  beii^  new-comers  which  range  to  Pleistocene  or  to 
modem  times,  while  a  few  have  not  yet  been  found  elsewhere. 

(1)  Survivals  from  Pliaeau,  19 
Elephas  meridionalis.  Cervus  ppligniacas. 


antiquus. 
Rhinoceros  etruscus.  „      elaphus  (stag). 

„  megarhinuB.  ,,      verticomis  (  =  C.  belgrandi). 

HippopotAmiu  m^or.  Uacheerodus  latidens. 

Ei[UQB  stenonis.  Trogonthetium  Onvieri. 

„     caballuB  (hoise).  Csslor  Gber  (beaver). 

UrsuB  arvemensis.  Hicrotus  (  — Arvicola)  intBrmsdins. 

Cauis  lopiis  (wolf)-  Lutra  vnlgaria  (otter), 
Ccrvni  Sedgwiaki. 

(2)  Xew-comera  ranging  to  jVeiwr  Seda,  19 

Bison  bonaauB  (var.  priscui).  Sorex  vulgaris  (shrew). 
Oribos  moachatus  (musk  ox).  „     pygmieus  (pkm;  shrew). 

Uibub  n)elEU8  (cave  beai).  Tslpa  enropcea  (mole). 

„     Unox  {grizzly  bear).  Mus  sylvaticns  (monae). 

Golo  InscuB  (glutton).  Uiorotos  arvalis  (field  vole). 
Canis  valpes  (foi:).  ,,        gregalis. 

Maatela  martea  (marten),  „        amphibius  (water  vole) 

HyiEoa  OTDCUta.  ,,        glareolns  (red  voI«). 

Sub  scrofa  (wild  boar).  Sciurus  vulgaris  T  (Bquirral). 
Myogale  moicbata  (musk  shrew). 

(3)  Speciu  m>t  Icnovn  eUewhcrt 

Caprovis  Savini.  Cerrus  camotonim. 
Alees  lati&ons.  „      DawkiiisL 

Cervus  Savini.  .,      roctuB. 

„      Fitch  i.  ,,      tetraceros. 
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Stratiq&aphe 


1.  Mail  of  England 


1  Beda — The  oldest  Pliocene  depoaita  in  England  are 
certain  patches  of  femiginons  sand  which  occur  at  intervals  along 
the  chalk  downs  of  Kent,  from  the  heights  above  Folkestone  to 
thoae  above  Maidstone,  moat  of  them  being  about  600  feet  above 
the  sea.  They  were  first  described  by  Professor  Prestwich  in  1867, 
and  more  fully  explored  by  Mr.  C.  Raid  in  1886.^  The  Lenham 
Beds  are  mere  remnants  of  a  deposit  which  must  originally  have 
had  a  wide  eiteuaioii  not  only  in  England  but  eastward  through 
Belgium.  These  remnants  have  been  preserved  because  they  have 
Bubeided  into  deep  pipes  and  hollows  caused  by  the  solntion  of  Uie 
underlying  chalk.  The  hollows  are  lined  with  brown  clay  full 
of  UDwora  flints,  and  these  clay  walls  enclose  a  set  of  Bandy  deposits, 
yellow  and  red  sands,  reddish  fossiliferous  sandy  ironstone,  and 
greenish  sand  with  scattered  flint  pebbles. 

From  these  beds,  and  chiefly  from  the  ironstone,  Mr.  Raid 
obtained  sixty -seven  species  of  mnllusca,  and  all  b&t  fifteen 
have  been  found  in  the  Coralline  Crag,  so  that  there  cannot  be 
much  difference  in  their  relative  age  in  spite  of  the  great 
difference  in  relative  level  There  are,  however,  some  species 
which  do  not  occur  in  the  Coralline  Crag,  but  are  found  in  the 
older  Pliocene  or  later  Miocene  beds  of  Europe ;  these  are 
Area  diluvii,  Cardiwn  papillom/m,  Gattrana  fragilu,  Terebra  acmam- 
ata,  PleuTotoTna  consobrina,  P.  JtnianjieU,  the  first  two  shells  being 
very  abundant.  On  the  whole,  therefore,  the  Lenham  Crag  ia 
probably  older  than  the  Coralline,  and  Mr.  F.  W.  Harmer  thinks 
that  it  was  considerably  older.' 

Some  patches  of  similar  sand  occur  farther  on  the  Surrey  downs, 
but  no  recognisable  fossils  have  yet  been  found  in  them,  and  it  is 
consequently  uncertain  whether  they  are  of  the  same  age. 

The  nodule  bed  at  the  base  of  the  Suffolk  crags  contains  many 
rounded  lumps  of  tongh  brownish  sandstone  which  are  known  as 
boxstones,  and  have  evidently  been  derived  from  an  older  deposit. 
Many  of  these  contain  fossils,  and  some  of  them  are  ^wcies  which 
occur  in  the  Coralline  Cr^,  but  two  are  only  known  from  the 
older  Pliocene  of  the  Continent ;  these  are  Coma  Dvjardini  and 
Vobda  auTii-Uporii. 

OoraUlne  Qrae. — This  crag  is  only  found  over  a  small  area 
in  Suffolk  between  Aldeburgh  and  Boyton,  and  in  three  other 
small  isolated  patches  at  Sutton,  Bamsholt,  and  Tattii^tone  (see 
map.  Fig.  1 72).     It  reate  on  an  eroded  surface  of  the  London  Clay, 
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mid  its  baaement  lied  (as  seen  at  Sutton)  contains  a  remarkable 
OSBeinblage  of  matcrialB  derived  from  older  depoaitE,  and  chleflj 
from  the  London  Clay  ;  the  pebblea  are  chiefly  phosphate  nodules 
of  a  dark  brown  colour,  but  with  these  are  fragments  of  septaria, 
a  few  small  pebblea  of  quartx  and  flint,  and  the  boistonea  which 
bare  been  mentioned  above  ;  there  are  also  Crustacea  and  fi^h 
teeth  derived  from  the  London  CUy,  reptilian  vertebree  fron)  the 
Oxfon)  Clay,  mammalian  teeth  of  doubtful  nge,  numy  Cetacean 
bones  and  teeth,  and  some  sharks'  teeth  \Ehich  are  probably  of 
Pliocene  a^  such  as  OdoTiiiuipu  hoMtalie  and  Carcharodmi  BondelttL 

Above  the  nodule  bed  there  are  yellowifh  marly  Bands  and  fine 
quartz  aands,  with  layers  of  comminuted  shells  from  30  to  40  feet 
thick,  and  these  form  the  lower  portion  of  the  Crag  ;  above  them 
at  Sutton,  Qedgrave,  and  Aldeburgb  come  about  36  feet  of  a  soft 
porous  yellowish  brown  calcareous  rock,  consisting  largely  of  com- 
minuted shells  and  fragments  of  Polyzoa,  which  are  often  arranged 
in  oblique  laminte,  while  tbe  bedding  is  of  that  irregular  kind  due 
to  the  action  of  rapid  and  changeable  cnrrents.  Thia  soft  limestone 
has  probably  been  formed  by  the  infiltration  of  carbonate  of  lime 
from  the  overlying  Red  Crag.    Fossils  are  abundant  in  both  portions. 

The  mollnsca  of  tbe  Coralline  Crag  (if  they  are  not  drifted) 
indicate  a  sea  of  some  depth  (40-60  fathoms),  and  warmer  than  tlie 
neighbouring  sea.  According  to  S.  V.  Wood's  summary  in  1874 
the  total  number  of  species  was  391,  of  which  14S  were  extinct, 
while  249  are  identical  with  recent  forms.  Of  these  living  species 
206  occur  in  the  Mediterranean,  while  only  174  occur  in  British 
seas,  00  being  Mediterranean  species  which  are  not  British,  and 
SO  British  species  which  are  not  Mediterranean.  Wood  has  also 
pointed  out  "that  the  most  abundant  and  therefore  the  moet 
characteristic  species  of  the  Conlline  Crag  are  southern  species 
unknown  to  British  seas,  and  that  among  tbe  104  which  occur  both 
in  British  and  Mediterranean  waters  there  are  many  which  aru 
really  characteristic  Mediterranean  shells,  and  are  only  marked 
as  British  in  consequence  of  some  rare  occmrence." 

Red  drag. — Returning  now  to  the  eastern  countier,  we  come 
to  the  deposit  which  is  generally  known  as  the  Bed  Crag,  this 
name  denoting  the  usual  reddish  brown  colour  of  the  material, 
which  differs  considerably  from  that  of  the  Coralline  Crag.  The 
latter  (when  not  decalcified)  is  a  light  yellow  calcareous  deposit 
consisting  chiefly  of  ot^^ic  debris  with  some  fine  sand,  while  the 
Red  Crag  ia  a  ferruginons  shelly  sand,  its  unaltered  portions 
consisting  partly  of  quartz-sand  and  partly  of  shells  (either  perfect 
or  broken),  the  whole  stained  by  a  variable  proportion  of  peroxide 
of  iron  (from  6  to  16  per  cent) 


.V  Google 


THK  FUOCEHB  SERIES 


525 


This  formation  coven  a  much  larger  ai«a  than  the  older 
(Coralline)  crag,  and  ia  apparentlf  contintiooB  over  a  space  of  about 
300  square  miles  in  Suffolk,  but  ie  so  often  concealed  by  the  sauda 
and  clays  of  the  QIaciaL  series,  that  generally  it  is  only  on  the 
elopes  of  the  Talleys  which  intersect  the  district  that  the  crag 
actually  comes  to  the  Burface.  The  best  exposures  occur  in  the 
cliff-sections  of  Walton-on-Naze,  Felixstow,  Bawdsey,  and  in  the 
valleys  of  the  rivers  Orwell  and  Deben. 

The  Hed  Crag  rests  partly  on  the  London  Clay  and  partly  on 
the  Coralline  Crag,  wrapping  round  the  isolated  reefs  uf  the  latter, 
and  filling  up  the  hollows  between  them.  At  its  base  there  is 
generally  a  bed  of  phosphatic  nodules  with  "  boistones  "  and  other 
derived  pebbles,  ti^ther  with  rolled  bones  and  teeth  of  mammalia 
and  of  aharks. 

From  the  researches  of  Mr.  S.  V.  Wood  *  and  Mr.  F.  W.  Harmer  " 
it  appears  that  the  cr^  in  the  southern  part  of  this  area  is 
decidedly  older  than  that  in  the  northern  parL  The  beds  at 
Walton-on-Naze  yield  a  fauna  that  Mr.  Hariner  considers  to  be 
closely  allied  to  that  of  the  Coralline  Crag,  for  it  includes  many 
Hoathem  species  and  very  few  of  northern  origin,  while  at  Butley 
in  the  northern  part  of  the  area  northern  species  are  abundant  and 
southern  forma  are  comparatively  rare.  Thus  it  seema  as  if  these 
red  crags  were  deposited  while  the  sea  was  gradually  retreating 
northwards,  the  slowly  receding  waters  leaving  a  succession  of 
beach  and  shallow-water  deposits  behind  them.  This  ahelly  crag 
ia  seldom  more  than  30  feet  deep  at  any  one  place,  and  its  bedding 
ia  generally  oblique,  so  that  it  may  be  described  as  consisting  of  a 
number  of  ahelly  aand-banke,  each  composed  of  highly  inclined 
lamines,  one  bank  often  being  sharply  truncated  by  another. 

Mr.  Harmer  has  recently  divided  the  Red  Crag  into  three  partem 
on  the  basis  of  the  changing  proportion  of  northern  and  southern 
species,  and  these  divisions  may  be  termed  the  Walton  Crag,  the 
Newboum  Cr^,  and  the  Butley  Crag.  The  relations  of  these 
croga  is  best  eipresaed  by  the  following  table  of  percentogea,  in 
the  compilaUon  of  which  Mr.  Harmer  has  taken  into  account 
only  the  more  abundant  and  characteristic  species. 


Extinct         SouUicni 
SpKlea.           Spectn. 

Nortlifm 
Hp«r». 

Specln  of 
Nonluniand 
Southmi  BaogM. 

47 
S« 
85 
S 

Butley  crag  .         . 
Newboum  crag     . 
Walton  crag         . 
Coralline  cng 

13                   13 

32  IB 
36                20 

33  26 

23 

11 
5 
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Tlie  Walton  Crag  is  characterised  by  the  sbundance  of  Neptunea 
eordraria,  Cohtmbilia  lulcata,  Natia  labiofo,  N.  eltgafu,  Trodmt 
Adaruoni,  Buecinoptit  JMet,  and  Dotinia  aolela ;  the  New- 
bonm  Crag  by  abundance  of  Cardivim  ajigtatatwa,  Madra  ovalu, 
M.  amttricla,  and  Tellina  obliqua;  tha  Butley  Crag  bj  NeptmKa 
mUiipui,  Buecinum  grcenlandicum,  Cardivm  gnvniandieura,  Nuctda 
Cobboldia,  TdUna  obligwi,  and  T.  pratenuit. 

The  manner  in  which  the  Hed  Crag  ie  BometimeB  banked 
against  the  Coralline  Crag  is  illustrated  in  the  sectjon,  Fig.  174. 
In  the  pits  near  Sutton  there  ia  evidence  of  two  shore-leveU,  an 
upper  and  a.  lower  cliff-line.  The  upper  clilf  is  about  1 2  teet  high, 
and  must  formerly  have  been  higher,  aa  blocks  of  a  hard  bed 
capping  the  hill  aboTe  are  found  at  its  base,  and  some  of  them 
weigh  more  than  a  ton.  With  these  blocks  are  flints  and  coprolites 
and  shells  of  MyUli,  while  the  surface  of  the  Coralline  Cn^  is 
perforated  by  Pholat  borings.  The  lower  shore-line  is  about  9  feet 
below  the  upper,  and  here  again  derived  blocks,  coprolites,  and 
MytUi  were  found.  These  two  shore-lines  are  traceable  all  round 
the  mass  of  Coralline  Crt^  intersected  by  the  section,  Fig.  174, 
a  mass  which  evidently  formed  a  reef  in  the  Bed  Crag  sea. 

Norwloh  Orae. — This  gronp  has  a  more  extended  range  than 
either  of  the  older  crags,  since  it  is  found  more  or  less  continuously 
through  Eastern  Suffolk  from  Aldeburgh  to  Bungay  and  Beccles, 
and  thence  through  Norfolk  to  Brundall  and  l<orwich  (on  the 
river  Yare),  and  to  Coltishall  and  Burgh  in  the  Bure  Valley,  a 
distance  of  about  40  miles.  It  is  well  exposed  at  several  localities 
in  the  neighbourhood  of  Norwich,  whence  it  takes  its  name  ;  it  is 
a  variable  group  of  sands,  laminated  clays,  and  pebbly  gravels, 
with  occasional  seams  or  patches  of  shells,  and  different  local 
names  were  given  to  different  portions  of  the  group  before  it 
was  ascertained  that  they  all  belonged  to  one  division  of  the  cr^. 

Mr.  F.  W.  Uanner  remarks  that  "  the  Norwich  Crag  beds  are 
separated  by  a  considerable  interval  [of  time]  from  any  part  of  the 
Bed  Cr^.  Their  molluscon  fauna  has  a  much  more  recent 
character ;  they  never  exhibit  the  highly  inclined  bedding  so 
characteristic  of  the  Red  Crag,  and  they  attain  a  much  greater 
thickness  than  the  latter ;  they  occupy  an  entirely  different 
area,  and  appear  to  have  originated  under  somewhat  different 
conditions."  ^ 

The  Norwich  Crat;  appears  to  cut  off  the  Coralline  Cr^  abruptly 
near  Aldeburgh  (see  Fig.  173),  aad  it  probably  also  truncates  the 
Bed  Crag,  for  the  latter  has  never  been  recognised  north  of  that 
place,  while  the  newer  crag  thickens  northward  very  rapidly.  In  a 
boring  at  Leiston,  only  two  miles  from  the  border  of  the  Coralline 
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Cttg,  it  wu  fotmd  to  be  134  feet  thick,  at  Sonthwold  147  feet,  and 
at  Lowestoft  180  feel  were  tnivened  without  reaching  ita  base. 

Norwich  Cra^  ie  not  well  expoied  in  any  cliff-eection,  hut  a  few 
feet  of  it  are  seen  at  the  base  of  the  cliffs  near  Southwold  ami 
Easton  Bavent,  the  sucoesaion  at  the  latter  place  being  as 
follows  : — 

Pnt. 
Olaeial  Stdt — Bedded  sandi  with  flint  ]iebblea         .         .         .     up  to    7 

ChUWord  Boi»— Bedded  »and  and  clay 12 

NortBiACrag — Sand  with  three  laferv  of  shells       .         ,         .         „       4 

At  Aldeby,  on  the  north  side  of  the  rivet  Waveney,  a  brickyard 
exposes  a  similar  succession,  and  about  siity-eix  species  of  mollusca 
have  been  obtained  from  the  shelly  sands.  A  special  feature  of  this 
locality  is  that  many  of  the  bivalves  occur  with  united  valves  in  the 
position  of  life  ;  they  include  Mya  armaria,  M.  trunealo,  Nvewiana 
oUongoidtt,  N.  larutolata,  Lucina  bortalii,  Mactra  ovali*,  Scrobtcularia 
plana,  TtttiiM  lata,  and  T.  tAliqna. 

Along  the  valley  of  the  Waveney  this  crag  is  exposed  in  many 
pits  near  Norwich,  Bramcrton,  and  BrundalL  The  beds  vary  ttota 
lb  to  20  feet  in  thickness,  and  consist  mainly  of  sand  with 
occasional  seams  of  brown  clay,  and  have  generally  a  bed  of  rolled 
flints  and  pebbles  at  the  base,  in  which  mammalian  bones  and 
teeth  have  been  found.  Similar  crag  occurs  in  the  valley  of  the  finre 
at  Coltishall  and  at  Bntgh  near  Aylsham,  the  latter  being  the  most 
northern  place  to  which  the  Norwich  Crag  has  been  traced.  The 
&unB  of  the  beds  near  Norwich  and  Coltishall  is  similar  to  that 
&rther  south,  hut  includes  the  northern  shell  AitarU  bortaiii.  In 
both  areas,  land  and  freshwater  shells  are  sometimes  found,  such  as 
Helix  hi^tida,  Limnaa  ptUutlru,  Vimpartu  foedive,  and  Corbiada 
Jtuminalit, 

OliUlesford  Beds.  —  There  has  been  mnch  difference  of 
opinion  about  these  beda  and  their  relation  to  the  Norwich  Crag, 
"nie  geological  surveyors  (Messrs.  W.  Whitaker  and  C.  Reid  ^ 
distinguish  between  Chilleaford  Crag  and  ChUlesford  Clay,  regarding 
the  former  as  part  of  the  Norwich  Cn^  and  the  latter  as  a 
separate  and  higher  horizon.  Hr.  Harmer  agrees  with  these 
authors  that  what  has  been  called  Chillesford  Crag  or  Aldehy 
Beds  is  in  most  localities  indistii^ishable  from  Norwich  Crag, 
but  he  differs  from  them  in  regard  to  the  sand  below  the  clay  at 
Chillesford,  which  he  regards  as  belonging  to  the  Chillesford  Beds, 
believing  it  to  be  an  exceptional  bed  without  a  parallel  elsewhere. 
Fig.  175  shows  the  relations  of  these  beds  to  the  older  crags  near 
Aldborongh  according  to  Prestwich,  but  the  existence  of  Red  Crag 
there  is  doubtful. 
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The  Chilleaford  Beds  conaiBt  of  tinely  laminated  clay  and  aand, 
always  micaceous,  lying  horizontollj,  and  often  in  alternating  lajen 
of  daj  and  saod.  Tbej  ore  often  from  18  to  SO  feet  thick  ;  they 
reat  indifferently  on  the  Coralline,  the  Bed,  end  the  Norwich  Crags, 
and  have  been  traced  fiom  Walton- on- Naze  to  Mundealej  is 
Norfolk,  a  distance  of  abont  90  mUes.  Mr.  Harmer  has  pointed 
out  that  when  the  aipoBnrea  of  these  beds  are  plotted  on  a  map 
they  arrange  themselves  in  the  fonn  of  a  sinuous  band  of  gradnally 
increasing  width  as  it  is  traced  northward,  a  form  which  soggeste 
that  they  were  formed  in  the  estuarine  portion  of  a  Urge  river 
flowing  from  north  to  south,  and  if  this  wa«  eo,  the  river  wag 
probably  a  continuation  of  the  Rhine. 

'Weyboom  Orag. — This  is  only  found  in  the  north  of 
Norfolk,  and  takes  its  name  from  Weybonrn  on  the  coast  near 
Cromer,  where  it  consiste  of  from  1  to  1 2  feet  of  loam  and  sand,  with 
a  band  of  blue  clay  in  the  lower  part  and  a  buemeut  bed  of  unworn 


c.  ClilUnroid  Sud. 


flinte  resting  on  the  chalk.  Its  characteristic  shell  is  Tdtina 
hcUlhiea,  which  is  very  abundant,  and  is  a  northern  species  that  does 
not  occur  in  the  older  craga  Out  of  fifty-three  species  of  molluaca  only 
live  are  extinct,  and  all  the  rest  are  such  as  now  live  in  the  North  Sea, 
nine  being  r^arded  as  Arctic  forms,  which  is  a  lai^r  proportion  than 
occur  in  the  Norwich  Crag.  The  fauna,  therefore,  seems  to  indicate 
that  the  Weybourn  Crag  is  newer  than  the  Norwich  Crag,  and  Mr. 
Harmer  believes  it  to  be  newer  than  the  Chillesford  Beds,  for  in  the 
Bnre  valley  he  distinguishes  Norwich  Crag  overlain  by  Chillesford 
Clay,  both  of  which  are  in  places  cut  through  by  a  pebbly  sand 
which  he  r^;ards  as  Weyboum  Crag.  Mr.  Reid  is  inclined  to 
think  that  the  Chillesford  Clay  passes  laterally  into  Weyboum 
Crag,  the  latter  having  presumably  been  formed  in  shallower  water 
than  the  former. 

Oromer  Forest  Bed. — The  highest  member  of  the  Pliocene 
series    is    exposed  at   intervals    along    the    Norfolk    coast   from 
Happishu^h   to   Weyboum.      It   has   been    described  by  many 
2  M 
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writen,  and  was  carefally  explored  for  the  Qeologieal  Survey  hy 
Mr.  C.  Reid,  who  found  the  general  succeadon  in  tbeee  cliffs  to  b« 
as  follows ; — 

Pan. 

n,  .  .  /Glacial  depoaita 

Pleistocene  (;.^^^j^'2^ 4  t„  ,5 

rUpper  treshirster  bed  | 
-,.  Forest  bed  (estoarine)  {-Cromer  Forest  Bed    .         .     10  to  SO 

Phooene      ,  Lo„„  ft^hVater  bedj 

UVcyboam  Crag 1  to  12 

The  lower  freshwater  bed  is  a  local  and  diaeontinaoiiH  deposit, 
its  relation  to  the  central  eatuarine  portion  resembling  that  of  more 
recent  "aubmerged  forests"  to  the  mud  of  modem  estoaries.  The 
middle  division  eonsista  of  claj,  sand,  and  gravel  in  irregular  lajera, 
and  contains  a  mixture  of  marine  and  freshwater  sheila  with  many 
mammalian  bones  ;  it  received  its  name  of  "  Forest  bed  "  from  the 
frequent  occurrence  of  stumps,  logs,  and  matted  roots  of  trees,  but 
these  are  not  in  the  position  of  growth,  as  formerly  supposed  ;  they 
have  all  been  drifted,  though  probably  not  from  any  great  distance, 
aud  from  the  appearances  presented  by  many  of  the  stumps,  Mr. 
Seid  concludes  that  they  have  grown  on  the  side  of  a  steep  river- 
bank  which  was  continually  being  undermined  and  washed  away 
by  the  current,  "  and  settliug  geneially  in  an  upright  position,  as  we 
should  expect,  from  the  greater  density  of  the  roots  and  from  the 
weight  of  the  adhering  soil,  they  have  formed  'snags'  in  the  river, 
such  as  are  constantly  met  with  in  streams  flowing  tlirough  a  forest^ 
clad  country." 

The  upper  surface  of  this  estnarine  deposit  is  often  weathered 
into  a  soil  and  penetrated  by  small  roots  (hence  termed  the  Rootlet 
bed),  and  is  in  some  places  covered  by  lacustrine  deposits  containing 
freshwater  shelle,  with  remains  of  fish,  amphibia,  and  small 
mammalia ;  this  is  the  upper  freshwater  bed.  Among  the  shells 
are  the  following  species,  Pieiditim  amnicum,  P.  attartmdet  (extinct), 
Corbicula  JliiiMiialit,  Vcdvata  piicinaiii,  V.  fiuvi^ilis,  Vivipartu 
meditis,  V.  vMpara,  Ilydrabut  marginata,  Sylhinia  tentaeulata,  and 
several  species  of  Helix. 

The  Leda  myalis  bed  is  doubtfully  grouped  as  Pliocene  by  Hr. 
Reid,  but  may  with  equal  convenience  be  regarded  as  the  local  base 
of  the  Pleistocene  aeries  (see  p.  B43). 

2.  South'ITeit  of  England 
St.  Brth  Beds. — At  St  Erth,  near  Hayle  in  Cornwall,  and  at 
an  elevation  of  about  100  feet  above  the  sea,  there  is  an  interesting 
deposit  of  sand  and  clay,  the  latter  containing  shells  which  piore 
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it  to  be  of  Pliocene  a^.     A  pit  neoi  tbe  vicarage  ezpoeed  tbt 

following  beds  : — 

FaaL 

La&mj  day  full  of  angular  atonea 2  to  6 

Fine  graTel  and  coarse  remigioous  eaiid  .                          .         ,     4  to  6 
Clay,  yellow  abore,  blue  beuwtb,  aod  containing  many  fossils  9   . 

Fine  foundry  aand,  base  not  sipoeed 1 10 

The  number  of  molliuca  which  have  been  found  in  tiie  clay  ia 
between  eighty  and  ninety,  and  the  greater  part  of  tbem  are  ouch  aa 
occur  in  the  lower  part  of  the  Red  Crag, -but  nuiny  species  of  a 
southern  character  are  present,  such  as  Futiu  conmu,  NuMa  rtcti- 
Wlaia,  Nana  vaiiabUit,  Cardivm  papiliotwa,  and  Cardita  aeuUata, 
which  do  not  occur  in  the  eaatem  crags,  while  the  Boreal  and 
Arctic  forms  found  bo  abundantly  in  the  higher  part  of  the  Red 
Crag  are  absent  at  St.  Erth. 

Mr.  C.  Reid  has  pointed  out  that  the  proportion  of  extinct  forms, 
so  ^  aa  the  fauna  has  been  worked  out,  is  41  per  cent,  which 
exactly  correepoDds  with  the  proportion  in  the  Coralline  Crag ; 
and  in  view  of  this  and  of  the  preponderauce  of  aonthem  molluaea, 
he  concludes  that  tbe  St.  Erth  Beds  are  of  older  Pliocene  age. 
Mr.  Robert  Bell,  Professor  Kendall,  and  Mr.  Harmer  are,  however, 
all  opposed  to  this  view,  and  consider  that  the  St.  Erth  beds  corre- 
spond more  nearly  with  the  older  part  of  the  Red  Crag.  From  the 
nature  of  the  deposit,  from  its  geographical  position,  and  from  the 
occurrence  of  beach  deposits  round  St.  Agnea  Beacon  up  to  376  feet 
above  the  sea-level,  Mr.  Reid  infers  that  tlie  fossiliferous  clay  waa 
formed  at  a  depth  «f  40  or  &0  fathoms. 


3.  I7«  Pliocene  in  Btlgimn  and  SolUmd 

In  these  countries  a  succession  of  beds  baa  been  described  which 
appears  to  correspond  with  the  lower  and  middle  portions  of  the 
British  series,  bat  does  not  include  any  representative  of  the 
Norwich  (hog  or  of  the  later  Pliocene  deposits  in  England.  This 
snccession,  as  interpreted  by  the  reaearches  of  Messrs.  Van  den 
Broeclt,  Dr.  Lori^,  and  Mr.  Harmer,*  is  as  follows  : — 

1.  Amstelian. 

3.  Scaldiaiau  or  zona  of  Ai^itunca  anli^a. 

2.  Cssterliao  or  zone  of  Isocardia  cor. 

1 .  Diestian  or  zone  of  Terebrai'ttla  grandU. 

The  Diestian  sands  occupy  a  position  similar  to  that  of  the 
Lenham  Beds,  and  are  only  found  on  Uie  high  ground  along 
the  southern  side  of  the  Belgian  basin,  occupying  a  considerable 
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area   near  Loavaia  and    Diest,    but    not   extending    far  to   the 
north  irard. 

Near  Antwerp  are  beds  which  contain  a  fauna  similar  to  that 
of  our  Coralline  Crag.  At  the  base  ie  a  pebble  bed  covered  by  a 
blackish  Hand  yielding  aharka'  teeth,  Ot/prina  rxtAiai,  and  CardiUt 
tenHU,  and  this  paHses  up  into  pale  greeniBh  gray  sand,  from  which 
above  sixty  species  of  shells  have  been  obtained,  the  most  abundant 
being  Itocardia  ear,  Astartt  Omalii,  A.  t»rbiiloidt$,  Lwina  bonali*, 
Ringicula  buccinea,  and  TurriSdla  incraaaala,  with  bones  of  Balana 
and  BdU^Mpttra.     This  is  generallj  known  as  the  zone  of  Iio- 

This  zone  is  succeeded  by  the  Scaldisian,  which  consista  of  red 
and  gray  sands  similar  to  onr  Red  Crag,  and  containing  many  of  the 
same  ehella,  especially  Sipho  graeilw,  Neptiinea  conlraria,  Volvta 
Lamberti,  Natta  reticeta,  N.  labiota.  Purpura  tetragona.  Paten  maxi- 
mut,  and  P.  Oerardi.  These  beds  are  regarded  by  Mr.  Harmer  as 
the  equivalents  of  the  Walton  Crag  ;  he  points  out  that  Neptwua 
contraria  is  as  abundant  as  in  the  English  beds,  while  no  specimen 
of  the  dextral  foi^n  N.  antiqtia  has  been  found  in  the  Scaldisian, 
and  he  considers  the  two  forms  to  be  distinct  species. 

No  newer  beds  are  found  near  Antwerp,  but  borings  in  Holland, 
and  especially  at  Utrecht  and  Amsterdam,  have  traversed  a  great 
thickness  of  Pliocene,  and  prove  that  all  the  zones  thicken  greatly 
toward  the  north.  Thus  the  Utrecht  boring  was  carried  to  a  depth 
of  1199  feet  without  reaching  the  base  of  the  Pliocene,  and  this 
depth  is  divided  as  follows  by  Mr.  Harmer: — 

Fset. 
Secant  and  Pleistocene  deposits      ....         618 

(Amsletian,  yellow  sands.  .         262 

PliooeuS'l  Scaidiaian,  gray  glsnconitic  sands   .         .         123 

I^Coiferlian,  gray  glaucouitic  sands   .         .        300 

1198 
Here,  therefore,  the  Pliocene  Series  is  probably  at  least  700  fe«t 
thick.  The  shells  obtained  from  the  Amstelian  include  Nucula 
Gohbddia,  Leda  twiwotota,  Oardiv/m  edvie,  Cardi'am  granlandieum, 
Tellina  pralenuu,  Mactra  auUruneoto,  Mya  arenaria,  and  Littoritia 
littorea,  an  assemblage  which  corresponds  to  that  of  the  later  parta 
of  the  Red  Crag. 

No  special  accounts  can  here  be  given  of  the  Pliocene  deposits 
of  yrance  and  Italy,  but  the  following  table  shows  the  chief  deposits 
which  have  been  described  in  those  countries,  grouped  under  the 
three  divisions  or  stages  which  are  now  recognised  on  the  Continent, 
and  with  which  it  would  seem  that  our  own  Pliocenes  can  be 
brought  into  line. 
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Phtsical  Geoorapht  of  thb  Britibh  Area^ 

Miocene  Period. — From  the  entire  absents  of  Miocene  rocks 
in  Britain  we  may  conclude  that  the  whole  of  the  British  area  was 
at  thia  time  above  the  level  of  the  sea,  and  that  it  formed  part  of 
the  great  Miocene  continent  which  was  mentioned  on  p.  607. 
There  was,  in  fact,  a  continuance  of  the  elevation  which  was  in 
progress  daring  Oligocene  times,  and  the  vertical  rise  appears  to 
have  been  greater  in  the  west  than  in  the  east,  thus  imparting  an 
easterly  inclination  to  sil  the  Neozoic  rocka,  and  causing  the 
development  of  the  successive  escarpments  which  thej  now  exhibit ; 
it  ia  indeed  possible  that  this  easterly  dip  wae  greater  in  Miocene 
times  than  it  is  at  present 

The  physical  features  of  Central  and  Southern  England  appear 
to  date  from  this  period,  so  far  at  least  as  the  general  contours  of 
the  country  are  concerned.  In  Oligocene  times  the  courses  of  the 
rivers  seem  to  have  been  very  different  ;  the  Severn,  for  instance, 
may  then  have  been  a  tributary  of  the  Thames,  and  the  latter 
could  have  had  no  existence  as  a  separate  river  until  the  vratershed 
of  the  Jurassic  escarpment  had  been  formed,  and  its  present  Sjrslem 
of  tributaries  could  only  have  been  developed  contemporaneously 
with  the  formation  of  the  escarpments ;  the  same  may  be  said  of 
all  the  streams  which  run  in  the  longitudinal  valleys  parallel  to 
dieae  escarpments. 

The  position  of  the  Lenham  Beds  on  the  Kentish  downs  proves 
that  in  early  Pliocene  time  there  was  little  difference  in  level 
between  the  eastern  parts  of  Kent  and  those  of  Suffolk,  and  we 
may  assume  that  suiji  was  also  the  case  in  Miocene  time  though 
both  were  above  the  sea-level  of  the  period. 

The  North  Sea  between  Britain  and  Scandinavia  mnst  have 
formed  one  of  the  vast  plains  of  the  Miocene  continent,  and  was 
doubtless  watered  by  the  rivers  which  flowed  down  from  the 
surrounding  highlands,  and  which  united  perhaps  to  form  the  deep 
trench-like  valley  which  curves  round  the  coast  of  Sweden,  tlie 
bottom  of  which  lies  SCO  feet  below  the  average  depth  of  the 
North  Sea.  Over  the  plain  now  occupied  by  this  sea  and  across 
the  English  Channel  some  of  the  Miocene  animals  must  have 
roamed  int4>  England,  but  the  only  evidence  of  their  ever  having 
occupied  our  islMids  is  the  occurrence  of  the  bones  of  certain  species 
in  the  nodule  beds  which  form  the  base  of  our  Pliocene  deposits. 

Pllooene  Period. — The  Pliocene  deposits  of  Northern  Europe 
seem  to  present  us  with  a  record  of  gei^frapbical  changes  vrhich 
gradually  severed  the  northern  sea  from  any  direct  connection  with 
the  Mediterranean,  and  finally  opened  up  a  channel  communicating 
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with  the  Arctic  Ocean.     Thej  also  bear  t«atimoiiy  to  the  gradual 
refr^ention  of  the  climate  throi^hout  the  whole  of  the  European 

The  geographical  conditions  of  early  Pliocene  time  probablj  re- 
sembled thou  of  the  preceding  Miocene  period  more  than  those  of 
the  later  Pliocene,  There  was  an  eastern  or  Belgian  sea  on  tlie 
site  of  a  Miocene  sea,  and  its  waters  i«ached  into  the  eaitem  part  of 
England  ;  there  is,  moreover,  every  reason  to  Buppose  that  tioB  eea 
was  connected  in  some  way  with  a  more  southern  sea,  and  had  no 
opening  toward  the  north.  This  is  indicated  by  the  large  proportion 
of  Mediterranean  species  among  the  mollusca  of  the  older  Pliocene 
beds,  but  it  is  very  difficult  to  form  an  opinion  as  to  the  direction 
in  which  this  southern  channel  lay.  Mr.  Harmer  is  of  opinion  that 
the  Belgian  sea  was  connected  with  the  Atlantic  by  a  channel  acrou 
the  sooth  of  England,  but  between  the  Kentish  downs  and  the 
nearest  Pliocene  deposits  to  the  south-west  (in  the  Cotentin)  there 
is  a  space  of  about  170  miles  over  which  no  trace  of  marine  Pliocene 
has  been  fonnd.  Another  possible  line  of  commnnication  is  by  the 
valley  of  the  Rhine,  along  which  it  is  probable  that  there  was  a 
connection  with  the  Mediterranean'  in  Miocene  time,  and  although 
there  is  here  also  a  gap  of  140  miles  between  Diest  and  MaintE 
(Mayence)  the  intervening  ridge  is  known  to  have  been  upraised 
after  the  epoch  of  the  Diestian  sands. 

With  respect  to  the  conditions  under  which  the  Coralline  Crag 
wa«  accumulated,  Mr.  Harmer  thinks  that  its  materials  formed 
submarine  shell-banks  piled  up  under  the  influence  of  strong  currents 
from  the  southwaid,  and  that  these  currents  swept  up  the  remains 
of  molluscu  and  btyozoa  from  the  sea-floor,  redepositing  them  in 
more  sheltered  situations.  He  points  out  that  ihe  shells  in  the 
Itoeardia-eaaii  of  Belgium  are  always  in  natural  position  with 
united  valves,  while  those  in  our  Coralline  Ciag  are  for  the  most 
port  drifted  sheila,  and  he  regards  the  deposit  as  comparable  with 
that  of  the  Turbot  bank  off  the  coast  of  Antrim,  which  lies  below 
water  of  25  to  30  fathoms,  and  is  a  shell-bank  formed  by  the 
tidal  current  which  sweeps  through  the  North  Strait 

From  the  geneisl  relations  of  the  newer  to  the  older  Pliocene 
beds  we  may  conclude  that  the  earlier  epoch  was  terminated  by 
movements  which  probably  continued  to  operate  throughout  the 
later  part  of  Pliocene  time.  From  the  facts  which  have  been 
mentioned,  especially  from  the  present  position  of  the  Lenham  beds, 
from  the  progressive  overlap  of  the  newer  crags  toward  the  north, 
and  from  the  great  thickness  of  the  deposits  in  Holland,  we  may 
infer  that  the  movements  consisted  of  xa  upheavtd  of  the 
Bonlhem  border  of  the  older  Pliocene  or  Diestian  sea,  with  either 
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ft    contemporaneona    or  enbeequent    sabeidenca   of    ite   Dorthem 

The  Roiuequenu  of  the  upheaval  in  the  south  vta  to  cut  off  eU 
commuiticatioD  with  the  aeas  of  more  BOQthem  latitudes,  and  to 
raise  the  floor  of  the  Bouthero  part  of  the  Dieetian  sea  throi^h  at 
least  780  feet.  On.  the  other  hand  the  suhsidence  to  the  northward 
allowed  the  sea  to  spread  farther  north  than  in  the  earlier  part  of 
the  period,  and  before  the  epoch  of  the  Newboum  and  Butlej 
ciags  it  would  seem  that  pt^  of  the  land  which  had  hitherto 
united  Scotland  and  Scandinaria  was  sabmei^d,  so  that  an  opening 
was  formed  into  the  Arctic  Ocean. 

"  The  Bed  Crsg  is  generally  regarded  aa  a  shore  deposit,  and  by 
Mr.  Banner  it  is  compared  with  the  shelly  banks  and  beaches 
which  are  now  being  formed  all  along  the  coast  of  Holland.  These 
accumulations  of  sand  and  shells  are  attributed  by  Dutch  geol<^ta 
to  the  prevalence  of  gales  from  the  west,  and  as  no  such  shell  beds 
exist  now  on  oilt  eastern  coasts  this  seems  t^  explain  the  facts,  but 
if  such  was  the  origin  of  the  Red  Crag,  we  must  suppose  that  in 
Pliocene  time  the  prevalent  galea  were  from  the  eaatvard,  and  not 
from  the  westward,  as  is  now  the  case. 

Aa  the  sea  extended  its  area  northward  and  the  land  roee  on  its 
aouthem  border,  the  valley  of  the  Rhine  must  hare  prolonged 
itself  northward  over  the  southern  part  of  the  North  Sea  plain, 
and  we  have  seen  (p.  &29)  that  the  Chillesford  Beds  may  possibly 
be  deponts  formed  in  the  estuary  of  that  river.  Other  indications 
of  a  large  river  flowing  from  the  south  present  themselves  in  the 
Cromer  (Foreat)  beds,  and  Mr.  C.  Beid  has  carefully  examined  the 
stonea  which  compose  the  gravelly  portion  of  the  deposit  He 
fonnd  the  collection  of  pebbles  to  he  such  that  if  the  river  had 
flowed  from  the  south,  west,  or  north,  it  must  have  brought  a  very 
different  asaemblage.  "  It  seems,  therefore,  that  only  from  the 
gontb.eaat  and  east  could  the  stones  be  derived,  and  that  the  river 
mnst  have  been  very  lai^  is  shown  by  the  uniformity  of  the 
composition  of  the  gravela  at  considerable  distances  apart ;  if  this 
be  ijie  correct  reading,  the  river  can  be  no  other  than  the  Rhine,  a 
view  held  by  various  writers  ever  since  the  Forest  Bod  was  first 
known," 

With  respect  to  the  change  in  the  climate,  the  fauna  of  the 
Dieatian  sand  and  Coralline  Crag  is  that  of  a  rather  warm  aea,  and 
the  mean  annual  temperature  of  the  snrrounding  country  must 
have  been  decidedly  higher  than  it  is  now  in  the  same  latitudes. 
The  anbaequent  exclusion  of  the  warm  aoutherly  current  doahtleas 
eauaed  a  general  diminution  of  temperatnre,  bat  there  were  other 
meteorolf^c  and  cosmic  causes  which  operated  in  rendering  the 
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climate  more  &nd  more  frigid,  till  at  length  in  the  Weyboum 
Crag  we  find  a  fauna  indicative  of  a  climate  fwmewhat  colder 
than  that  which  at  prMent  prevails  in  Norfolk.  Thin  prepares  ds 
for  the  great  change  which  took  place  very  soon  after  the  formation 
of  that  bed. 
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NEOCENE    SY8TKH    {cotitimud) 

C.  Pleistocene  Series 

The  term  Pleistocene  was  used  by  Ljell  to  denote  the  deposits 
which  are  newer  than  the  Pliocene,  and  yet  not  modem  enough 
to  be  called  lUcenL  But  different  writera  have  different  ideas  as  to 
what  deposits  should  be  called  Recent  It  seems  best  to  consider 
the  Pleistocene  period  aa  including  all  depoaita  in  this  country 
which  are  older  than  the  Roman  occupation. 

Some  of  these  deposits  have  obvioualy  been  formed  during  a 
time  when  the  climate  became  so  cold  that  the  higher  parta  of  the 
country  were  covered  with  ice  and  snow,  and  the  North  Sea  wae 
more  or  less  filled  with  ice.  Such  deposits  are  called  Qlacial,  and 
the  time  during  which  they  were  formed  is  known  as  the  Glacial 
period,  or  epoch,  and  sometimes  as  the  "Great  Ice  Age,"  while 
all  the  subsequent  deposits  can  be  clasaed  as  "Post- Glacial."  Thip. 
however,  is  not  a  satisfactory  diviaion  of  Pleistocene  time,  for  as 
Professor  Boyd  Dawkins  has  pointed  ont,  the  Qlacial  epoch  muat 
be  regarded  as  a  special  episode  or  phase  of  Pleistocene  time,  the 
influence  of  which  was  limited  to  certain  parts  of  the  earth's 
surface  ;  he  has  shown  also  that  the  transition  from  Pliocene  to 
Pleistocene  time  is  marked  by  a  change  in  the  mammalian  fauna  of 
Europe,  and  consequently  that  it  is  the  introduction  of  this  fauna, 
and  not  the  first  commencement  of  Glacial  conditions,  which  marks 
the  beginsing  of  Pleistocene  time.  These  Glacial  conditions  only 
modified  the  range  of  certain  species,  limiting  that  of  the  southern, 
and  extending  that  of  the  northern  forms  during  their  continuance. 

No  general  claBsification  of  Pleistocene  deposits  has  yet  been 

fnuned  that  is  applicable  to  more  than  one  limited  region,  such  as 

Scotland,  or  Wales  and  the  Welsh  borders  ;  still  less  is  it  poaaible 

to  correlate  the  Glacial  deposits  of  these  regions  with  the  coaatat 
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and  fluvjatile  deposits  of  a  region  where  there  haa  been  no  actual 
(^loeiation,  such  as  the  soalh  of  England  or  the  north  of  France. 

For  descriptive  pnrpoeeg  tlie  principal  Pleistocene  depoeits  of 
the  British  lalee  maj  be  considered  under  the  heads  of  Glacial  and 
Non-Olacial,  and  if  these  are  placed  in  parallel  columns  a  portion 
of  the  one  set  may  be  regarded  as  contemporaneous  with  a  portion 
of  the  other,  though  it  will  be  nnsafe  to  assume  that  any  member 
of  one  series  is  contemporaneous  with  any  particular  member  of 
the  other  series.  The  two  series  include  the  following  : — 
Oiacial  DepotUa  Noa-Oiaeial  Deposits 

Alluvial  deposits. 
4.  Latest  marine  boulder-clays.  Later  river  graveli,  etc.  (Ksolithio). 

3.  Moraines,  tames,  .nd  eskers.         (Older   river   gravels   (P^«^iaic) 

\    Oave-dspoalts  and  Raised  beaches. 
3.  Later  boulder-clays  with  stratiGed 

sands  and  gravels. 
1.  Older  and  baaal  boulder-clayB. 

Life  op  the  Pbriod 
FianU  of  the  Glacial  DepotiU 

The  Oiacial  deposits  contain  but  very  few  traces  of  life,  thongh 
remains  of  the  mammoth  {El^hi*  primigeniui)  and  the  reindeer 
{Bangifer  tarandut)  have  been  found  in  the  so-called  inler-glacial 
beds  of  Scotland,  while  Elepkat  aiUiqaus,  EhiruHxros  leptorkinvt, 
Hippopolamng  ampkibitu,  and  Hyiena  crocvta  have  been  found 
in  beds  which  lie  at  the  base  of  the  boidder-clays  on  the  coast 
of  Yorkshire. 

The  mollusca  of  Pleistocene  times  all  belong  to  living  species, 
bat  those  found  in  the  marine  Glacial  deposits  are  snch  as  live 
in  tlie  seas  round  the  northern  parts  of  oar  islands,  the  species 
of  our  southern  coasts  being  generally  absent  The  following 
are  some  of  the  commoner  species  in  Glacial  beds : — 

Oadropoda,  Natica  clauaa,  Trophon  ctsthratus,  Buccinnm  undatnm, 
B.  grmulandicum,  Plenrotoma  (iSela)  tumcnla,  Turritells 
communis,  Scalaria  girenlBiidici. 

Lamdlibranchia.  Pecten  ialandicos,  Nucatana  tnlncata,  N.  lanceolata, 
Tcllins  lata,  T.  balthica,  Astarte  borealii,  A.  comprassa, 
PuiopEea  norvegica,  Saiicsva  rugosa,  Cyprin*  iskndica, 
Mya  truDcata. 

Fauna  of  the  Palaoltthic  Depotiti 
The  mammalian  fauna  of  the  Pleistocene  period  is  principally ' 
known  from  the  remains  preserved  in  the  caves  and  river  Kravels 
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of  Southern  and  Central  England,  some  of  which  are  probably 
con teiDporan eons  with  the  later  Glacial  deposits  of  the  more 
northern  diatricta  ;  there  it,  at  any  rate,  little  doubt  that  the 
fauna  of  the  older  river  gravela  is  that  which  existed  on  the 
European  continent  during  the  Olacial  epoch. 

TEiia  fauna  includes  a  remarkable  mixture   of  species,  some 
being  anch  aa  would   live   in   a   warmer   climate   than   that   of 


modem  England  (aa  the  lion,  leopard,  caffer  cat,  hytena,  lynx, 
and  hippopotomuB),  while  othera  are  northern  and  Arctic  animals 
(auch  as  the  glutton,  Arctic  foi,  muek  oi,  reindeer,  and  lemmings). 
There  la  also  a  coniideiable  proportion  of  extinct  species,  auch  aa 
the  mammoth  and  Elephat  a-atiguui,  three  species  of  rhinoceros, 
and  the  Irish  elk  {Ctrmu  giganteus  =  mtgactna). 

The  following  is  a  list   of  the  mammalia  found   in  the  older 
deposits  of  the  Thamea  valley  and  in  the  lower  cave-eartha  of 
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HippopotamDB  m«Ji 
RhiDoceros  megBThinns. 
Elepbui  adUi^dub. 


BEson  priscuB  {bison). 
Ovibos  moschatna  (mosk  ox}. 
HachEerodus  latideus. 
UraQB  ferox  (grizzly  bear). 
,,     spelaua  (caTebear). 
Galo  Inseus  (glutton). 
Latra  vulgaris  (otter). 
Hyiena  crocuta  (spotted  hyena). 
Cervns  elaphna  (stag). 


(1)  Survival*  from  later  Plioemu 

\  Equua  caballiu  (horse). 

Sua  sorofa  (wild  boar). 

Canis  lapoa  (wo]f). 
„     vulpes  (fox). 

Mnatela  martea  (marten). 

Cantor  europ^uB  (beaTer). 

Hus  sylraticiu  (moQS«). 

MicrotaB  amphibia  (role}. 


,.       slareolUB. 
Sorex  TUIgHris  (shrew). 


(2)  JVeuhonners  in  the  i^dtr  Thames  Oravels 


Shinoceroa  tichorhinos. 
, ,  leptorhiuus. 

Bob  primigenioa. 
SpermophiliM  erytbrogenaides. 

Urius  arotoi  (brown  bear). 
Felis  leo  (lion). 

„     lyni(lyni). 

„    parans  (leopard). 

„     cafTer  (calTer  oat). 
MuBtela  putiirius  (rtoat)i 

vulgaris  (weaael). 
Canis  lagopus  (Arctin  fox). 


Meles  taiuB  (badger). 
FeliB  catUB  (trild  oat). 
CeiTUB  gjganteus  (Irish  elk). 

„       daiaB  (fallow  deer). 
Capreolus  caprea  (roe  deer). 
Rangifer  tarandus  (reindeer). 
Saiga  tartarica  (Sain  antelnpe). 
Myodes  torqustiia  (Horway  lamming). 

,,       lemmas  (Arctic  lemming]. 
Lepm  variabilis  (monutain  hare). 
Lngomys  pnsilluB  (tailless  hare). 
HicrotuB  ratticepB  (Russian  vole). 


Fauna  of  the  Neolithic  Depotits 
The  Neolithic  fanna  is  very  different  from  the  above,  and 
ineludea  only  one  extinct  epeciee  {Cerviu  gigantetu\  thongb  there 
are  of  course  manjr  animals  which  have  subsequently  become 
extinct  in  Britain,  such  as  the  reindeer,  brown  bear,  wolf,  wild 
boar,  and  beaver.  Palaeolithic  man  was  a  hunter  only  ;  Neolithic 
man  waa  a  herdBman  and  agriculturist,  and  he  introduced  several 
domesticated  animals,  such  as  the  dog,  sbeep,  goat,  pig,  and  short- 
horn cow.  The  stone  weapons  of  Paltuilithic  man  are  roughly  and 
broadly  chipped,  while  those  of  Neolithic  man  are  minutely  worked 
and  more  carefully  shaped  and  finished,  the  stone  axes  being  often 
partly  or  wholly  ground  to  a  cutting-edge. 

The  Glacial  Deposits 

It  will  be  convenient  to  describe  the  Glacial  deposits  first,  as 
they  are  more  considerable  both  in  thickness  and  in  extent 

Nature  of  Deposits. — What  are  known  as  Qlacial  deposita 
or  Qlacial  drifts  are  the  relics  of  a  period  when  the  conditions 
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which  are  now  cooSned  to  the  Arctic  and  Antarctic  Kgiona 
prevailed  orar  the  whole  of  Northern  Euope.  The  depoeita 
occumolated  dnriiig  this  period  are  prindpallf  such  aa  reanlt 
Iroin  the  action  of  moving  masses  of  ice  (boulder-clays),  or  from 
the  action  of  strong  cnrrents  of  water  (coarse  gnveta),  bat  inter- 
stratified  with  these  there  are  sometimes  sands,  brick-eartha,  and 
laminated  loams  which  have  been  depoeited  in  quiet  water  and 

The  chief  product  of  the  Qlacial  epoch  is  the  mat«rial  known 
as  booldei-claj.  There  are  Beveral  varieties  of  such  claj,  and  it  is 
by  no  means  certain  that  they  have  all  been  formed  in  the  same 
manner.  It  is  generally  believed  that  the  stdfler,  more  compacted, 
and  unstratified  mHsses  of  boulder-clay  are  the  product  of  land  ice, 
though  exactly  how  a  continuous  sheet  of  such  material  can  have 
been  accumulated  under  an  Ke-sheet  has  never  been  satisfactorily 
explained  ;  it  is,  however,  fairly  certain  that  such  materials  were 
gathered  and  transported  by  land  ice.  Other  boalder-claya  are  of 
a  looser  texture,  and  are  frequently  associated  with  stratified  saada 
and  gravels  which  contain  marine  shells,  and  such  clays  must 
either  be  marine  boulder-clays  formed  where  ice  invaded  the 
sea,  or  the  materials  must  have  been  ploughed  out  of  a  sea-floor 
by  an  ice-sheet  and  spread  out  on  the  land  beyond. 

Qlaoiatlon  of  Rock-Surfooes. — In  nearly  all  districts  where 
boulder-clays  occur  the  rock-surfaces  which  underlie  the  lowest 
clays  are  glaciated,  that  is  to  say,  they  are  grooved,  scratched,  and 
smoothed  as  they  would  be  by  the  passage  over  them  of  heavy  ice, 
which,  when  its  sole  is  fall  of  stones  and  bouldersj  becomes  a  gigantic 
rasping,  graving,  and  mouldii^  tool.  In  most  cases  it  is  found 
that  the  grooves  run  parallel  to  the  main  valleys  of  a  district,  and 
in  many  cases  when  the  directions  are  marked  on  a  map  it  is  seen 
that  they  radiate  outward  in  all  directions  from  some  central 
mountain  tract ;  but  occasionally  they  run  in  one  direction  across 
Bome  tract  of  country  without  any  reference  to  its  valley  system, 
aa  if  the  ice  hod  been  locally  deflected  from  its  natural  coarse. 
This  system  of  grooves  and  striations  is  often  called  the  glaciation 
of  a  district  or  country. 

STKATIflRAPHY 

The  Olacial  deposits  are  spread  over  lai^e  tracts  of  the  British 
Islands,  and  are  found  in  all  parts  except  the  extreme  south  of 
England  and  Ireland  ;  but  they  differ  so  much  in  different  districts, 
and  vary  so  much  even  in  different  parts  of  the  same  general 
district,  that  few  writers  have  yet  attempted  anything  like  a  general 
correlation  of  them.     Our  knowledge  of  them  is  not  yet  sufficiently 
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complete  Tor  any  sacb  attempt  to  pro^  satisfactory,  and  at  present, 
therefore,  moet  dietricts  have  each  their  own  local  claasification  and 
nomenclature.  Conseqiieutlj,  it  seenu  beat  to  select  for  description 
a  few  parts  of  the  British  Isles  where  the  glacial  deposits  are  vrell 
exposed,  and  where  they  have  been  fully  described.  Thus  some 
account  will  be  given  of  the  following  districts  : — 

1.  East  Anglia.  4.  Northern  England. 

2.  Lincolnshire  and  Yorkshire-    5.  Central  Scotland. 

3.  North  Wales  and  Cheshire.     6.  Northern  Ireland. 

1.   Ecut  AngUa 
In  the  east  of  Norfolk  and  SafTolk,  where  the  most  complete 
aections  of  the  Lower  Glacial  beds  are  found  along  the  coast,  the 
following  succession  of  deposits  can  be  recognised,  but  there  is  no 
place  where  they  can  all  be  seen  in  vertical  succession  : — 

{Contorted  Drift  (loams  and  sands). 
Brown  Bottldet-cUy  (Cromer  Till). 
ArcUo  plant  bed  and  Leda  myalu  bed. 

Above  the  Cromer  freshwater  beds  and  below  the  Qlacial  deposits 
there  are  two  discontiouous  beds  which  appear  to  be  the  oldest 
Pleistocene  beds  in  Norfolk. 

The  Leda  mytUii  btd  is  only  fonnd  between  Old  Hythe  and 
Cromer,  for  south  of  Cromer  it  either  thins  out  or  is  cut  off  by  the 
boulder-clay.  The  bed  coosists  of  fine  current-bedded  loamy  sand, 
with  thin  seams  of  loam  and  gravcL  The  fossils  are  marine,  and 
indicate  a  depth  of  5  or  10  fathoms,  as  some  of  the  bivalves  occur 
with  the  valves  nuited  in  the  position  of  life.  All  the  mollusca 
yet  found  (nineteen  species)  belong  to  living  species,  and  they 
include  two  characteristic  crag  shells,  Neptw^ea  aniiqua  and  Tellina 
obliqua.  One  of  the  best  exposures  is  at  Runton  Gap,  near  Cromer, 
where  Leda  myalu,  Mya  araiatia,  and  Attarta  borealit  may  be  found 
in  position  of  life,  and  the  bed  is  16  feet  thick. 

The  Arctic  frethwaUr  bed  waa  first  described  in  1880'  by  Mr. 
0.  Reid,  who  then  diatioguished  it  from  the  Forest  Bed,  and  placed 
it  in  the  Pleistocene  series,  because  the  plants  it  contains  indicate 
a  great  change  from  the  climate  of  the  earlier  bed  Trees  seem  to 
have  entirely  diaappeared,  and  the  plants  include  the  dwarf  Arctic 
birch  (Betula  nana),  the  Arctic  willow  (Solu;  polarit),  and  mosses 
which  now  only  live  within  the  Arctic  circle.  It  consists  of  a 
layer  of  clay  and  loam  about  two  feet  thick,  bnt  is  not  by  any 
means   continuous,  having  only  at  present  been  found  at  three 
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localities  on  tlie  coast,  viz.  Beeston,  Mundealej,  and  Oetend,  near 
Bacton.  At  Mundeslej  it  lias  yielded  freshwater  shells,  eljtra  of 
beetles,  aud  bones  of  Spemu^iltu  (a  squirrel-like  creature). 

The  Cromer  Till,  where  thickeBt  near  Happisburgh,  wnsiBts  of 
two  beds  of  tough  gray  vnstratified  boulder-claj,  with  an  inter- 
mediate band  of  finely  laminated  and  ripple-marked  clay.  The 
bouldeiMilays  contain  fr^menta  of  marine  shelia,  with  pebblea  and 
bouldets  of  many  kinds  of  rocks,  including  gneiss,  mica-schist,  car- 
bouiferons  limestone,  basalt,  red  and  gray  granites,  and  "  rhombyn- 
porphyr"  from  Norway,  with  pebbles  of  bard  chalk  which  have 
been  bored  by  marine  annelids,  and  subsequently  striated. 

The  Contorted  Drift  is  usnally  a  yeUowish  marly  and  sandy  clay 
full  of  stones,  so  that  it  is  really  only  a  variety  of  boulder-clay, 
but  it  exhibits  a  mde  kind  of  stratification,  and  includes  knots, 
patches,  and  seama  of  sand  and  gravel,  and  the  whole  has  a  twisted, 
contorted,  and  kneaded  appearance.  Another  remarkable  feature 
of  the  deposit  is  the  occurrence  of  large  tabular  masses  of  chaUc, 
some  of  which  are  20  to  30  feet  thick,  and  from  100  to  180  yards 
long.  This  drift  contaiua  boulders  similar  to  those  in  the  till 
below  and  many  broken  sheila,  the  latter  being  frequent  in  the 
nesta  and  patches  of  sand,  Tellina  baitkica,  Carditim  edaU,  Oyprina 
idaiidica,  and  Jlf^  arenaria  bein^;  the  commonest  species. 

Near  Cromer  the  thickneas  of  the  Contorted  Drift  is  sometimes 
aa  much  oa  170  feet,  and  the  conloilions  are  vet;  marked,  bat 
south-eastward  the  deposit  passes  into  a  tolerably  regular  bed  of 
stony  loam  about  30  feet  thick,  intercalated  between  two  thick  beds 
of  sand,  each  from  20  to  40  feet  thick,  the  upper  of  which  contains 
the  same  marine  ahella  aa  are  found  in  the  contorted  maasea  neaf 
Cromer.  The  same  change  into  loams,  sands,  and  fine  gravels 
seems  to  occur  as  the  Contorted  Drift  ia  traced  to  the  south-west 
beneath  the  Upper  Glacial  clay  (aee  Fig.  177),  Moreover,  the 
underlying  Cromer  Till  appears  to  thin  out,  so  that  in  the 
neighbourhood  of  Norwich  the  Lower  Glacial  group  consists  only 
of  the  two  following  members : — 


Such  beds,  with  occasional  intercalations  of  laminated  loam  or 
brick-earth,  cover  lai^e  areas  in  the  east  of  Norfolk,  Suffolk,  and 
Eases,  but  as  the  beds  are  followed  to  the  higher  ground  in  the 
western  parta  of  these  counties,  and  to  the  chalk  escarpment  in 
Cambridgeabire,  they  thin  out  and  are  overlapped  by  the  Upper 
Glacial  clay,  which  then  rests  directly  on  the  chalk. 

The  Chalkjr  Boulder-Olay  is  a  stiff  bluish  gray  day,  con- 
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taining  an  abundance  of  ground-up  chalk  sad  striated  cbalk-stunea, 
together  with  fiiuts  sjid  a  vitrietj  of  other  rocks;  among  these 
tha  debris  of  Jurassic  rocks  is  conspicuous,  the  great  clay  ruruiatioiu 
— Lias,  Oxford,  and  Kimeridge  clays — have  evideutly  furnished 
much  of  the  clayey  material,  for  septaria  from  these  ckys  and 
pieces  of  limestone,  like  the  Lincolnabire  oolites,  are  very  numerous, 
and  derived  fossils,  such  as  Oryphaa  arcwttOf  Qrypluea  dilatata, 
Oardinia  Litteri,  etc.,  and  BeUmnittt  abbreviatiii,  arc  not  uncommon. 
Ill  this  respect  it  contrasts  with  the  boulder-clays  of  the  Lower 
Glacial  group. 

This  boiilder-cUy  exhibits  a  fairly  uniform  character  over  a 
lar^e  area,  and  spreads  over  a  part  of  South  Norfolk,  Suffolk, 
Essex,  Cambridge,  Herts,  and  Middlesex,  the  most  southerly  outlier 
being  that  on  Uuawell  Hill,  north  of  Higligate  ;  here  the  clay  is 
of  the  osual  pale  colour,  and  contains  occasional  fragments  of  red 
chalk,  which  must  have  jonmeyed  a  distance  of  some  100  miles 
for  the  nearest  place  whence  they  could  have  been  derived  is 
Hunstanton  in  Norfolk. 

Another  fact  of  some  importance  in  connection  with  the 
formation  of  tbie  clay  is  the  occurrence  in  it  of  pebbles  which  have 
been  carried  up  to  a  level  much  higher  tban  that  of  their  source  ; 
thus  phosphatic  nodules  derived  from  the  Cambridge  Greensand 
have  been  found  at  a  level  of  500  feet  above  the  sea,  whereas  the 
outcrop  of  the  parent  stratum  to  the  north  and  west  is  everywhere 
under  ISO  feet. 

The  thickness  of  this  great  sheet  of  bouUer-clay  is  very  variable, 
sometimes  only  a  few  feet  can  be  seeo,  and  in  other  places  borings 
have  gone  through  100  or  150  feet  of  iL  Its  base-line  is  very 
irregular,  and  it  sometimes  descends  with  a  rapid  etope  into  valley- 
like troughs,  which  are  thus  completely  filled  with  the  clay. 

Plateau  QraveL — The  last  und  highest  QlaciaL  deposit  in 
East  Anglia  is  a  coarse  flint  gravel  which  forms  isolated  plateaux, 
such  as  Monsehold  Heath,  near  Norwich,  and  consists  mainly  of 
large  rolled  and  battered  flints  with  some  pebbles  of  quartz, 
quartzite,  granite,  etc  This  gravel  attains  a  thickness  of  from  SO 
to  40  feet ;  it  generally  rests  on  the  npper  boulder-clay,  and 
seldom,  if  ever,  reposes  directly  on  the  chalk. 

3.  lAneolnAirt  and  Yorkthirt 

The  Glacial  deposits  of  these  counties  deserve  attention  because 

they  have  been  fully  described  and  much  discussed,  althoi^  Ihey 

present  many  difficultiefi,  and  no  agreement  has  yet  been  arrived  at 

with  r^ard  to  the  relative  ages  of  the  deposits  which  occur  on  die 
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eaaUm  and  weatem  sides  of  the  Chalk  Wolde.  The  boulder-clays 
found  on  the  one  aide  of  this  ridge  differ  greatly  from  those  on  the 
other  side,  and  no  exposnre  has  yet  been  found  which  shows  the 
two  in  apposition.  We  shall  therefore  give  a  brief  description  of 
the  two  types,  and  will  afterwards  indicate  the  views  which  have 
been  expressed  about  them. 

Th©  "Westem  Type.— There  can  be  no  doubt  that  the  mass 
of  the  boulder-clay  which  is  found  to  the  weet  of  the  Chalk  Wolds 
is  the  same  as  the  Chalky  Boulder-Clay  of  East  Anglia  and  the  eastern 
Midlands.  It  can  be  followed  from  Cambridgetbire  through  the 
counties  of  Huntingdon,  Northampton,  and  Rutland  into  South 
Lincolnshire,  and  it  appears  to  have  formed  a  continuous  sheet  or 
mantle  which  covered  even  the  summit  ridges  of  the  Jurassic 
escarpment.  Near  this  escarpment  Jurassic  debris  decidedly 
preponderates  over  chalk  debris,  and  we  again  meet  with  the 
phenomenon  of  stones  being  carried  up  far  above  their  parent  sites. 
The  boulder- clay  of  the  high  ground  between  Stamford  and 
Grantham  ia  also  remarkable  for  containing  huge  masses  of  Lias 
Harbtone  and  Lincolnshire  Limestone,  which  have  been  carried 
many  miles  from  the  spots  whence  they  were  quarried  by  the  ice. 
These  blocks  appear  to  have  come  from  the  west  and  north-west. 
Carboniferous  rocks  have  also  come  from  the  north-west,  and  chalk 
from  the  north-east,  so  that  several  ice-currents  seem  to  have  met 
in  this  area. 

The  same  boulder-clay  is  also  found  in  the  central  parts  of 
Lincolnshire,  spreading  over  the  Jurassic  clays  east  of  Lincoln  by 
Tattershall,  Homcaatle,  Wragby,  and  Market  Rasen;  and  the 
increase  in  the  amount  of  chalky  matter  in  the  direction  of  the 
Chalk  Wohls  is  particularly  noticeable,  tilt  near  these  hills  it 
becomes  a  stony  chalk-marl,  and  has  been  burnt  for  lime  in  some 
places.  There  is,  however,  very  little  of  it  on  the  Wolds 
themselves,  though  its  occurrence  at  Kelstern,  near  Louth,  proves 
that  it  originally  spread  over  all  levels  below  400  feet 

Below  the  escarpment  it  has  been  traced  northward  to  Brigg, 
but  has  not  yet  been  identified  at  any  place  farther  north  in  this 
direction,  though  it  is  probable  that  the  lower  gray  boulder-clay 
of  the  vale  of  York  was  part  of  the  same  sheet 

Tbe  Etastem  Type. — The  boulder  -  clays  of  the  eastern 
districts  are  generally  of  a  purplish  or  reddish  brown.  In 
Lincolnshire  they  occupy  the  tract  which  lies  between  the  eastern 
slopes  of  the  Wolds  and  the  marshes  which  border  the  coast;  in 
Yorkshire  they  occupy  the  area  which  holds  a  similar  position,  and 
is  known  as  Holdemess  (see  map,  Fig.  140).  They  occur  chiefly  at 
low  levels,  but  enter  the  valleys  of  the  Wolds,  and  in  Lincoln^ire 
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appear  to  have  mantled  their  alopea  op  to  a  height  of  at  least  380 
feet ;  bejond  Holdemesa  they  occur  on  the  clialk  to  a  height  of  440 
feet,  and  descend  into  the  Vale  of  Pickering,  farming  the  cliffa  »m  far 
as  Filej,  and  occurring  at  intervals  along  the  coast  to  the  northward. 

An  important  fact  is  that  these  clays  with  associated  saode  and 
gravels  are  banked  up  a),'ain8t  an  ancient  coaat-lioe  which  in  places 
presents  the  furm  of  a  buried  line  of  clifis.  Such  cliffs  appear  to 
exist  in  Lincolnshire  from  Welton  near  Burgh  to  Hawerby,  about  8 
miles  north  of  Ijouth.  They  occur  again  in  Yorkshire,  and  are 
interaected  by  the  present  coast-line  at  Sewerby. 

In  Lincolnshire  the  basement  beds  are  now  here  visible,  bat  it 
is  known  from  borings  that  they  are  from  60  tu  100  feet  thick, 
and  that  they  rest  on  a  floor  or  scar  of  chalk  which  is  about  80 
feet  below  the  present  sea-level,  where  it  passes  under  the  sea 
The  base  of  the  aeries  is  nowhere  visible,  but  borings  prove  t^ai 
there  is  always  a  basement  bed  of  chalk-rubble  from  S  to  8  feet 
thick.  The  clays  which  are  visible  are  of  two  kinds,  (1)  a  lower 
clay  of  a  purplish  brown  colour  (the  "Purple  Clay"),  containing 
stones  and  boulders  both  large  and  small ;  (2)  an  upper  clay  of  a 
dull  red  colour  mottled  with  ashen  gray,  containinjj  many  small 
stonea,  pellets  of  chalk,  and  bits  of  coal,  bnt  few  large  bonlden ; 
this  is  known  as  the  "  Hessle  Clay."  ^ 

Near  the  border  of  the  Wolds  patches  of  sand  and  gravel  are 
frequent,  often  resembling  beach  deposit^  and  containing  many 
marine  shells,  some  of  which  are  perfect,  but  most  are  broken.  They 
include  Mya  IruTicata,  Corhula  gibba,  Maelra  tubtrwuxita,  Ttllina 
balthica,  T.  lata,  Cardium  edidt,  Cyprina  iskiTidiea,  Venui  gaUitta, 
and  (at  Croxton)  C'orbicula  fiumitiaiu,  which  is  also  abundant  at 
Eeleey  in  Yorkshire.  At  Eirmington,  and  about  60  feet  above  sea- 
level,  an  interesting  deposit  of  laiainat«d  silt  or  warp  occuta  con- 
taining Foreninifera,  Binoa  lUvre,  Scrobicularia  platta,  and  other 
bivalves  ;  it  resemble*  the  warp  formed  between  tide-marks  on  the 
present  coast,  and  ia  overlain  by  10  or  12  feet  of  beach  shingle. 
The  occurrence  of  such  undisturbed  marine  silt  in  association  with 
the  boulder-clays  and  marine  gravels  is  of  much  importance. 

In  Holdemess  the  sea  has  cut  back  into  the  Glacial  deposits,  and 
good  sections  are  thus  exposed  in  the  clifis,  especially  at  Dimlii^ton, 
Bridlington,  and  Sewerby.^  The  succession  of  beds  seen  at  these 
places  is  as  follows,  the  total  thickness  being  from  60  to  100  feet : — 

6.  The  Sewerby  gravels. 

4.  The  Hessls  boalder-clay. 

3.  The  Purple  boulder-day. 

2.  The  Basement  bouldBr.clay. 

1.  Chalky  gravel  and  buried  clilf  beds. 
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The  chalky  gravel  appears  to  form  a  nearly  continuouB  btual 
bed.  The  buried  cliff  beda  are  only  seen  at  Sewerby,  where  they 
are  banked  gainst  the  ancient  coast-line  above  mentioned.  The 
section  here  is  represented  in  Fig.  179,  and  the  mammalian  honea 
mentioned  on  p.  &39  nere  found  in  the  old  beacb  and  in  the 
overlying;  raiawash. 

The  Baaement  clay  is  of  a  greenish  gray  colour,  is  aometimes  30 
feet  thick,  and  includes  twisted  layers  or  patches  of  sand  which 
contain  marine  shells;  no  fewer  than  110  species  have  been  found, 
and  among  them  are  some  which  no  longer  live  in  British  waters, 
such  as  Nvevim  Cohboldim,  Ttilina  oUiqva,  Aetarte  borealie,  FutuM 
rpitd>ergetua,  and  F.  Sarti. 

Tlie  Purple  and  the  Hessle  boulder-clays  have  the  same  characters 
as  in  Lincolnshire.     The  commonest  stones  in  these  and  the  lower 


ne-  179,— curr  iKcnos  it  biwkbbv  {sder  O.  W.  Umplugh). 
8.  Seworby  grayel.  4.  Blown  und    l  i,„_,^  ,..-■ 

7.  P<iTplebiSilder.cUy.  a.  lUln-uh         [^"CS.'''" 

8.  BBMmeat  boatd«r-cli7.  2.  Pebble  batch  )       ""*' 
i.  Cbolky  grmvel,  1.  dulli. 

clay  have  been  derived  from  the  Carboniferous  rocks  to  the  north- 
ward, but  some  have  come  from  th$  Cheviot  Hills,  othera  from 
Teeadale  and  from  Cumberland,  while  a  few  are  identical  with 
rocks  in  the  south  and  west  of  Norway. 

Relative  A^e. — The  correlotion  of  the  beds  above  described 
with  those  of  more  sonthem  counties,  and  the  relation  of  the  eastern 
to  the  western  deposits,  are  debated  questions,  but  two  opinions 
have  been  expressed,  and  a  third  view  is  also  possilile.  (1)  The  eastern 
series  may  be  newer  than  the  western  (Chalky  Boulder-clay),  and 
therefore  later  than  any  deposit  in  Elast  Angtia  (except  the  plateau 
gravel) ;  (S)  the  eastern  series  may  be  the  older  of  the  two  and 
equivalent  to  the  Lower  QIacial  of  Norfolk  ;  (3)  the  eastern  and 
western  clays  may  be  of  nearly  the  same  age,  but  formed  by  different 
ica-streams,  the  one  coming  from  the  north -and  north-east,  the 
other  from  the  north-west 
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The  Gist  of  these  is  the  older  view,  and  is  supported  bf  the  fact 
that  the  western  days  appear  to  have  andergone  more  subseqaeut 
eroeion  and  destruction  than  the  eastern,  and  also  by  the  entire 
absence  of  chalky  clay  above  the  latter,  for  if  the  second  view  were 
correct  it  is  difficult  to  explain  the  non-occuirence  of  snt^  a 
superposition  in  some  part  of  Holderness.  There  are  some  facta, 
however,  which  favour  the  second  view,  for  there  is  much  genera] 
similarity  between  the  drifts  of  HolderneM  and  those  of  Cromer  ; 
further,  when  the  latter  are  followed  along  tlie  north  coast  of  Norfolk, 
part  of  them  seems  to  pass  into  beds  which  have  all  the  charactera 
of  the  Hessle  clay. 


3.  North  Wala,  duihire,  and  Wed  LaneaAire 

Q-laoiation. — The  glaciation  of  the  country,  or  the  manner  in 
which  the  more  exposed  rock  surCaces  have  been  grooved  and  striata 
by  the  pass^e  of  ice,  may  first  occupy  our  attention.  Sir  A. 
Bamsay  has  shown  that  among  the  Welsh  mountains  the  direction 
of  these  markings  corresponds  to  the  general  trend  of  the  larger 
valleys,  and  that  they  muBt  be  attributed  to  the  action  of  glaciers. 
This  is  especially  noticeable  in  tliose  valleys  which  nidiat«  from  the 
Snowdonian  mountains  to  the  southward,  eastward,  and  northward.* 
In  Anglesey,  however,  the  glacial  strife'  run  from  north-eaat  to 
south-west  at  right  aisles  to  the  trend  of  the  great  valleys  which 
open  on  to  the  Menai  Straits,  and  it  is  clear,  therefore,  that  the 
glaciation  of  that  island  ia  not  due  to  the  local  glaciers.  Agun, 
in  Flint  and  Denbigh  the  strife  run  across  and  not  down  the 
valleys,  except  that  of  the  Dee,  which  roughly  coincides  with  their 
general  direction,  this  being  from  W.S.W.  to  KN.E.  Lastly,  in 
Cheshire  and  the  south-west  of  Lancashire  the  prevalent  directi(H> 
b  from  N.N.W.  to  S.SJ:.  From  these  facts  it  is  clear  that  a  large 
body  of  ice  came  from  the  north  and  passed  southward  on  each 
side  of  Wales,  the  local  ice  being  deflected  by  it 

Olaoial  Deposita. — The  observations  of  Mr.  Mellard  Eeade  > 
and  Mr.  A.  Strahan^  have  shown  that  these  are  divisible  into  two 
groups :  (1)  an  older  set  of  tough  blue  boulder-clays  and  coarse 
gravels  which  only  occur  in  the  neighbourhood  of  the  mountains  ; 
(S)  a  newer  set  of  i«d  and  brown  boulder-clays  with  intercalated 
beds  of  sand  which  are  sometimes  over  100  feet  thick;  these  beds 
resemble  the  Holdernesa  drifts,  and  have  been  called  the  "  Low- 
level  boulder-clays "  by  llr.  Reade. 

The  relations  of  the  two  deposits  are  well  shown  in  the  cliffs  of 
Colwyn  Bay,  where  the  following  succession  is  visible : — 
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ii.  Brovn  boulder-oUy  witli  broken  ahelU  and  some 
narthem  erratics 8  to  12 
3.  Obliquely   stratified  sands  resting  on  an  eroded 
surface 6  t«  12 

[2.  Cream-coloured  tillin  diacontinnoos patches         .  0  to   3 

Older  i  1.  Hard  bluish  gray  tiU  packed  fall  of  stones  derived 

y  fromtheCarboniferouBaDdSilurianrocksofWale*  seen  for    6 

Of  the  upper  sands  and  claja  Mr.  Rende  phts,  "  they  are  not 
what  the  immediate  coast  or  mountaius  could  yield,  but  are 
composed  principally  of  Triaseic  debris  mixed  with  travelled  and 
striated  rocks."  Near  LIsndulaa,  at  a  height  of  about  fiOO  feet 
above  the  sea,  there  is  an  extensive  deposit  of  stratified  sand  and 
gravel  in  which  marine  shells  occDt,  and  reddish  bonlder-clay  rises 
to  above  400  feet  in  the  Vale  of  Clwyd. 

In  the  west  of  Carnarvonshire  there  are  vast  accumnlations  of 
gravel  and  boulder  beds  nhich  sweep  up  the  slopes  of  the  hills  to 
heights  of  800  and  1000  feet ;  and  on  the  summit  of  Moel  Trjfaen, 
a  hill  overlooking  Carnarvon. Bay,  with  a  height  of  1350  feel^  there 
is  an  extensive  deposit  of  stratified  sand  and  gravel  containing 
marine  Bbells,  more  than  sixty  species  having  been  obtained. 
Among  the  most  abundant  of  these  are  Tellina  baiiica,  Cardium 
edule,  AitarU  borealu,  Oyprina  itlcmdica,  and  Twritella  commuw. 
It  is  irregularly  overlain  hj  bonlder-claj,  and  both  deposits  contain 
erratics  from  Cumberland  and  Scotland,  as  well  as  chalk  flints  which 
came  piobahly  from  Ireland.  These  flints,  as  Mr.  Mackintosh 
observes,  have  travelled  to  a  higher  level  than  their  source,  for  the 
highest  parts  of  the  Irish  chalk  are  between  900  and  1000  feet.^ 

Similar  Bhell-beaiing  gravels  have  been  fonnd  by  Mr.  Mackintosh 
at  heights  of  1000  to  1230  feet  on  the  east  side  of  the  hills  near 
Minera  in  Denbigbahire  ;  here  also  Eskdale  granite,  Cumberland 
feletones,  and  Chalk  flints  are  mijed  with  the  debris  of  local  rocks, 
and  all  ape  well  rolled  and  rounded  as  if  they  had  formed  part  of  a 
sea-beach.  This  pebbly  condition  appears  to  be  characteristic  of 
the  giftvels  between  levels  of  1000  and  1400  feet,  while  between 
beighta  of  600  and  1000  feet  the  atones  in  the  drift  are  mostly 
ai^olar.  Above  1400  feet  there  are  again  angular  gravels,  and 
boulders  of  Arenig  felstone  occur  in  the  Minera  district  up  to  a 
height  of  1900  feet. 

The  low-level  boulder-days  were  formerly  divided  into  an  upper 
and  lower  clay  with  a  middle  sandy  division,  but  Mr.  Beade  and 
Mr.  Strahan,  who  are  both  well  acquainted  with  the  drifts  of  these 
counties,  agree  in  thinking  that  the  sands  do  not  form  anythii^  like 
a  continuous  borizon,  but  are  irregular  beds  developed  at  varions 
horizons.     Although  there  is  no  regular  tripartite  division  of  the 
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series,  jet  bb  b,  whole  tbej  eihibit  much  retem- 

blance  to  the  depoeita  of  Holderneu  and  Eaat 
£  LiacoliiEliire,  for  the  lower  claja  are  genenllj 

^  purplish    hrown,  and   tlie   uppermost  clay   re- 

Q  i  seoibles  the  Hesele  Clay  in  being  slre&ked  and 
I  I  Diottled  with  gray,  and  also  in  containing  fewer 
I    g.    •tonea. 

7    i  A  good  section  of  the  Lancashire  drift  le 

S  3  exposed  in  the  clifia  near  Blackpool  (^e  Fig. 
-  ^  180).  Here  the  lower  bed  of  boulder^cUy  is 
S  ^  harder  and  more  stonj  than  that  fonning  the 
S  i  upper  part  of  the  cliff,  but  otherwise  there  ia 
S    1     little    difference    between    them ;    the    inter- 

0  4  calated  sands  and  gravels  are  well  stratified, 
^  i  and  contain  many  marine  ahells.  Occasionally, 
.|  ca  as  at  Linda!  in  North  Lancashire,  beds  of  peat 
£  a  with  leaves  and  trunks  of  trees  occur  beneath  a 
■E    ^      great  thickness  of  boulder-clay. 

1  Both  the  bnulder-claya  and  the  eauds  fre- 
^  quently  contain  marine  shells  and  Foramiaifera, 
i  .  those  in  the  sands  having  doubtless  been 
g  E  brought  by  the  currents  which  carried  the  sand, 
J  &  but  those  in  the  boulder-clays  are  filled  with 
s     g      fine   silt   charged   with    Foraniinifera,   showing 

that  they  have  been  picked  up  from  silty  shores 
and  transported  by  ics.  The  shells  have  been 
found  at  various  localities  in  Cheshiie  and 
Lancashire  from  sea-level  up  to  600  feet,  and 
at  1200  feet  near  Macclestield. 


a  i 


4.  Northern  Eni/land  " 

;    ^  The  G-laofation. — This  ia  traceable  chiefly 

'S  to  two  main  centres — the  mountain  cluster  of 
:  I  the  English  Lake  District,  and  the  massive  fells 
I  'I  of  Qalloway  in  Scotland.  Little  record  is  left 
;  £  of  the  earlier  phases  of  the  Glacial  period,  but 
:  £  to  the  early  sporadic  radiation  of  bouldera 
id  from  these  centres  mav  be  due  much  of  the 
.    -i 

'  This  sectiou  in  a  contribution  from  the  pen  of  the 

I  late  Mr.  Hiifjh  Millei,  F.O.S.,  whoat  personal  acquaint- 

oncfl  with  tha  district  makes  it  more  valuable  th&n  aoy 

deiicriptJDii    the    author    coold    have   compllad    from 

published  source!. 
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atrange  intorcroesing  and  intermingling  that  marks  their  aftei- 
di»tribntion.  la  many  caaea  they  may  have  found  their  way  into 
their  present  position,  not  from  the  parent  rock  direct,  but  from 
Tarioua  points  within  the  circles  of  early  dispersal. 

The  striation  of  the  Luke  Bistrict  mnat  be  attribnted  to  glaciers 
which  moved  out  through  its  radiating  dales  in  almost  every 
direction,  the  chief  axis  of  movement  being  that  of  the  principal 
walerxhed  which  runs  through  its  centre  approximately  east  and 
wesL  The  lower  valleys  and  their  parting  ridges,  according  to  Hi. 
Clifton  Ward,*  became  gradually  buried  under  a  confluent  sheet  of 
ice.  In  Galloway  heavy  glaciers  moved  out  from  the  central 
granitic  masses,  and  the  glaciers  of  the  two  districts  came  together 
upon  the  pkins  of  the  Solway  basin. 

The  further  distribution  of  striae  and  boulders  ia  curious  in  the 
extreme.  From  Oalloway  it  is  remarkable  that  they  pass  very 
little  to  the  northwards.  On  the  west  they  bend  along  the  coaat  as 
if  to  join  the  south-west  stream  of  etriie  making  down  from  the 
Highlands  through  the  now  submerged  valleys  of  Argyleshire  upon 
the  broader  vale  of  St.  Patrick's  Channel.  On  the  south  they  point 
freely  southward,  and  their  direction  is  continued  over  the  Isle  of 
Man  and  Anglesea.  In  the  Lake  District  the  same  southward 
tendency  is  observable.  Boulders  of  Cumbrian  rocks  do  not  range 
far  to  the  north  or  north-west — not  far  tieyond  Carlisle— but  stream 
off  freely  to  the  south.  Moreover,  from  the  eastern  fells  near  Shap 
and  those  round  the  head  of  Lunedale  they  are  shed  southward 
over  North  Lancashire,  not  only  down  the  valley  of  the  Lune  and 
along  the  low  sea-board,  but,  aa  if  regardless  of  gradients,  over  the' 
Ingleborough  district  into  Ribbleedale,  crossing  many  considerable 
valleys,  and  overriding  hills  up  to  1000  feet. 

In  easterly  directions  the  evidence  is  Still  more  curious.  In  the 
south-eastern  part  of  Galloway,  as  waa  shown  by  Mr.  J.  Home,  the 
Etris  point  across  the  Solway,  Crifell  (1600  feet  high)  standing  in 
the  way  somewhat  like  a  graduated  mark  in  a  tide-way.  The  main 
stream  of  striation,  joined  towards  the  sonth  by  atrire  and  boulders 
from  the  Lake  District,  passes  to  the  east  coast  of  England.  The 
greater  part  of  it  crosses  the  watershed  between  the  Cheviots  and 
the  northern  shoulder  of  Cross  Fell  (both  of  which  hill-groups  had 
small  ice-caps  of  their  own),  at  heights  of  from  600  to  ITOO  feet ; 
it  skirts  the  Cheviot  range,  the  ice-borne  bouldera  covering  their 
flanks  up  to  1600  feet,  but  apparently  at  lessening  heights  as  we 
trace  them  on.  To  the  south  of  Croes  Fell  a  smaller  stream  of 
boulders  and  strin  from  Galloway  and  the  Lake  District  con- 
centrates upon  the  Stainmore  Pass,  and  carries  the  boutden  of 
Shap  FeU  to  the  east  coast  through  Teesdale.* 
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Q^laoiol  Depottita — It  is  not  only  iu  the  Htriation  of  the 

rocks  that  these  movements  are  recorded,  but  also  ia  the  structure 
of  the  till  or  lower  boulder- claj,  which  enwraps  the  country  with 
an  irregular  sheet  of  miscellaneous  off-scourings,  and  extends  from 
the  flanks  and  hollows  of  the  hills  (as  high  sometimes  as  1800 
feet)  down  to  the  sefu  The  lazier  boulders  embedded  in  llie 
till  ore  striated  tn  titu  iu  the  same  general  direction,  and  with 
the  same  firmness  and  evenness  as  the  Btrio;  on  the  rocks  ;  thus 
the  till  of  Northumberland  may  he  likeneJ  to  one  vast  irregular 
"striated  pavement."  The  smaller  boulders  and  stones  frequently 
have  their  longer  axes  drawn  into  the  line  of  glaciation,  as  if  by  a 
heavy  dragging  force  moving  contemporaneously  with  the  accumu- 
lation of  the  raateriaL  At  the  surface  it  is  often  shaped  into  sow- 
backs  or  drumlitu  stretched  iu  the  same  direction.  All  these 
features  of  the  till  are  remarkably  developed  on  the  watershed 
among  Che  Bewcaatle  Wastes,  north  of  Gllsland  in  Cumberland.'" 

The  composition  of  the  till,  again,  shows  that  the  outcrops  of 
rock  lying  iu  the  path  of  movement— all  the  way  from  the  red 
rocks  of  Cumberland,  for  instance,  to  the  coaly  shales  of  Newcastle 
— contributed  one  after  the  other  their  quota  of  materials,  the 
boulders  being  gradually  reduced  in  size  and  rubbed  down  into 
day,  etc,  as  if  by  sustained  friction,  as  they  were  carried  on.  The 
texture  and  colour  of  the  till  thus  constantly  varies — it  is  bright 
Indian  red  on  the  red  rocks  ;  leaden-coloured  and  clayey  on  the 
carbonaceous  rocks ;  sandy  and  raw  where  the  pale  carboniferous 
sandstones  predominate  ;  brown  and  dry  on  the  Cheviot  porphyry  ; 
and  when  it  resta  on  composite  formations  such  as  the  Carboni- 
ferouH  limestone  series,  it  never  remains  for  half  an  acre  the 
same.  Among  the  slopes  of  the  higher  hills  it  is  thin,  loose, 
local,  angular,  and  almost  morainic-looking ;  in  the  valleys  and 
low  grounds  it  becomes  dense  and  well-kneaded  up,  and  contains 
a  larger  assortment  of  boulders ;  in  the  lower  grounds  it  is  often 
gravelly  and  much  intercalated  with  seams  of  sand  and  gravel 
and  laminated  clay  without  stones ;  but  it  is  the  same  deposit 
throughout. 

The  overlyii^  deposits  ore  not  so  well  understood.  In  the 
Isle  of  Man  Mr.  Home  describes  an  important  section  near 
Ramsey,"  where  a  lower  boulder-clay  or  till  is  overlain  by  finely- 
stratified  sands  and  gravels,  "  evidently  a  marine  defwdt^"  above 
which  is  a  stony  clay  (6  to  8  feet  thick)  resembling  the  maritime 
boulder-clay  of  Scotland.  In  West  Cumberland  Mr.  J.  D.  Kendall  is 
describes  sands  and  stony  clays  which  he  believes  to  be  a  continua- 
tion of  the  uppermost  sands  and  boulder-clays  of  Lancashire.  On 
the  coasts  of  Northumberland  and  Durham  there  is  undoubtedly 
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an  nppei  boulder-clay  limited  to  the  maritime  dietricta,  nnd  to 
elevations  under  300  feet,  and  Ijing  in  the  track  of  the  nortli 
and  sonth  coast  glaciation.  It  is  divided  from  the  till  either  bj 
stratified  sand  and  gravel,  or  b;  an  eroded  junction  line.  It  seems 
to  be  the  same  deposit,  very  uniform  in  character,  that  in  found 
all  along  the  sea-board  from  Aberdeenshire  southward,  differing 
from  the  till  b;  its  uniformly  reddish  colour  and  the  fewness 
and  smallneaa  of  iU  stonea 

The  latest  deposits  of  the  Glacial  period  in  the  north  of 
England  are,  (1)  the  ridges  and  mounds  of  tunmltuously  stratified 
gravel  and  sand  known  as  kames  (or  eskers),  and  (2)  moraine 
mounds  of  angular  debris.  The  moraines,  which  abound  in 
the  upper  vaileys  of  the  Lake  District,  are  the  debris  heaps  of 
the  last  shrunken  glaciers.  In  Northumberland  they  are  few 
and  small.  The  gravel  mounds  are  of  more  equivocal  origin. 
In  some  cases,  near  Otterbum  in  Northumberland,  they  merge 
into  moraines ;  one  part  of  a  single  mound  may  be  moraine  and 
the  other  part  kame.  These  kames  are  of  true  morainic  origin. 
The  winding  kame  ridges,  which,  like  the  drumlius  of  the  drifts 
extend  in  the  direction  of  ice-movement  (though  only  a  single 
chain  of  them  crosses  the  wat«rshed  of  England,  i.e.  through  the 
shallow  watershed  valley  at  Qilsland),  are  often  supposed  to  be 
marine,  but  this  is  by  no  means  certain,  nor  even  probable. 

S.  Central  and  Norlkem  Scotland 

The  following  account  of  the  Glacial  phenomena  of  this 
region  is  taken  principally  from  Sir  A.  Geikie's  Meramr  on  the 
Phenomena  of  the  Glacial  Drift  of  Scotlofid,'^^  supplemented  by  some 
additions  from  more  recent  sources. 

Glaoiatlon. — The  rocky  regions  of  Scotland  nearly  every- 
where exhibit  the  peculiar  rounded  and  moulded  outline  which 
is  characteristic  of  ice-action,  and  nowhere  are  these  swelling 
contours  more  distinct  than  on  the  slopes  which  rise  from  the 
central  lowlands.  Wherever,  too,  the  smoothed  surfaces  of  the 
rocks  have  been  protected  from  atraospheric  influences  by  a 
covering  of  turf  or  clay  they  exhibit  the  striations  and  groovings 
left  by  the  passage  of  ice-bome  stones;  such  striated  surfaces 
occur  not  only  on  the  summits  and  Hanks  of  tofty  mountains, 
but  also  along  the  shores  of  the  lochs  and  firths,  and  are  often 
seen  to  pass  beneath  the  level  of  the  sea. 

Observation  has  shown  that,  as  a  general  rule,  the  strite  run 
parallel  to  the  main  valleys  of  the  country,  and  that  they  radiate 
outwards  from  the  great  central  mountain  rangea     Thus   there 
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IB  ample  proof  that  the  Grampians  formed  one  axu  of  dispenal, 
for  down  the  vallejB  which  open  on  to  the  Cljde  the  atriee  run 
aoiith  or  south-east,  down  Loch  Fyne  thef  run  sonth-west,  while 
at  the  north  end  of  Loch  Awe,  and  thence  over  the  country  to 
Loch  Linnhe,  the  direction  is  uniform!;  from  east  to  west ;  down 
the  Talley  of  the  Spey  they  run  north-eaat,  in  Aberdeen  nearly 
due  east,  while  in  Penh,  Fife,  and  Forfar  the  directions  are  south- 
east and  eaat-Bouth-easL  The  highlands  of  Sutherland  formed 
another  centre  whence  the  ice  radiated  in  every  direction. 

There  are,  however,  exceptions  to  the  coincidence  hetween  the 
direction  of  the  strite  and  that  of  the  main  valleys  ;  thus  the  dis- 
trict known  as  Knapdale  in  Ai^yleshire,  which  risea  to  700  or  800 
feet  above  the  sea,  is  glaciated  obliquely  from  north-east  to  south- 
west, as  if  the  ice  had  filled  up  the  valley  of  Loch  Fyne,  and  had 
flowed  over  the  ridge  to  the  Sound  of  Jura.  There  seema  also  to 
have  been  a  time  when  the  ice  from  the  Perthshire  highlands  went 
across  the  Ochil  Hills,  some  of  which  reach  a  height  of  2300  feet, 
and  these  are  important  facte  to  remember  when  the  mode  of 
glaciation  is  considered. 

Qlaolal  Deposits. — The  following  is  a  general  classification 
of  these  deposits,  but  it  ia  seldom  that  all  the  members  are  found 
in  one  locality,  and  it  is  probable  that  the  moraines  were  more  or 
less  contemjmraneous  with  the  later  alielHiearing  clays  : — 

5.   Karnes  and  raised  beaches. 

4.  Moraines  or  local  glaciern. 

3.  Shell-bearing  clayB  near  the  coast. 

2.  Upper  boulder-clays  with  stratified  sands  and  gravels. 

1.  Lowvr  boulder-clay  oi  till. 

The  till  ia  described  as  a  very  stiff  clay  full  of  stones  and 
boulders,  or  rather  as  a  mixture  of  gritty  clay,  gravel,  and 
boulders,  the  whole  being  so  hard  and  compact  that  it  often 
weathers  like  a  conglomerate.  Boulder-clay  of  this  kind  occurs 
up  to  heights  of  1600  feet,  and  is  sometimes  over  100  feet  thick, 
being  always  thickest  on  the  low  grounds  and  thinning  away  on 
the  highland  slopes.  The  stones  and  bouldere  found  at  any  given 
locality  ore  principally  derived  from  local  rocks,  and  in  the  low- 
land clays  there  are  not  many  stones  which  have  travelled  more 
tLban  a  few  miles  from  their  parent  site  ;  most  of  the  fragments 
are  smoothed  and  striated,  and  many  are  scratched  all  over,  often 
exhibiting  five  or  sii  definitely  striated  surfaces.  The  local 
charact«r  of  the  clay  is  also  shown  by  its  variations  in  colour. 
Hugh  Miller,  sen.,  long  ago  remarked  that  red  sandstones  were 
covered  by  red  boulder-clay,  the  gray  flags  of  Caithneae  by  a 
lead-colou[«d  clay,  and  the  coal-raeamrea  of  the  Lothians  hj  a 
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bluish  black  clay ;  aubseqaent  obaervationH  bave  ebowu  that  the 
clays  of  these  coloura  Jo  not  exactly  coincide  with  the  limita  of 
the  rormations  from  which  they  derive  their  tint,  but  slightly 
overlap  them  in  an  outward  direction  ;  thus  in  the  basin  of  the 
Forth  the  red  clay  passes  eastward  on  lo  the  coal-ineaBiireB  for  a 
cerlain  distance  before  it  is  replaced  by  the  clay  which  derives 
its  tint  from  those  measures. 

Thus,  though  the  materials  of  this  inland  boulder-clay  afford 
evidence  of  a  certain  amount  of  transport,  atill  its  local  character  is 
BO  strongly  marked,  that  "  whatever  may  bave  bren  its  mode  of 
production,  it  cannot  have  been  carried  from  a  distance,  but  must 
have  been  formed  on  the  whole  in  the  districts  in  which  it  is  found." 

In  many  places  the  hard  till  or  boulder-clay  above  described 
is  covered  by  deposits  of  a  more  varied  character,  consisting  of 
stratified  sand,  gravel,  and  clay ;  such  deposits  occupy  large  areas 
in  the  central  lowlands  between  the  flrths  of  Forth  and  Clyde. 
Assouiated  with  these  beds  or  stranded  on  bate  hill-sides  are 
numerous  lai^  erratics  or  isolated  boulders,  which  have  usually 
come  from  points  to  the  north  or  north-west  of  the  positions  they 
now  occupy,  and  some  have  travelled  diatonces  of  50  or  60  miles  ; 
it  is  to  be  noted  that  such  bouldera  rarely  or  never  occur  in  the 
older  boulJer-cIay,  though  they  often  lie  on  iL 

A  good  example  of  the  stratified  beds  is  found  in  the  Isle  of 
Arran  ;  the  beds  are  exposed  in  the  banks  of  the  bums  near  Lag 
from  80  to  100  feet  above  the  sea,  and  are  an  follows ; — 

Feat. 

Beds  of  Ktvvet,  sand,  and  clay 1G 

Reddish  clay  with  shells  of  Arctic  siiecirH  T  to  10 

Bard  brown  boalder-clay  or  till      .  .         .         .  seen  for  20 

Along  the  coast  of  Aberdeen,  from  Stonehaven  to  Peterhead,  a 
very  different  kind  of  boulder-clay  is  found ;  this  is  a  reddish  brown 
clay  which  appears  to  resemble  the  brown  clays  of  Yorkshire  and 
Lincolnshire.  It  contains  broken  marine  shells,  and  often  includes 
•earns  of  fine  sand  or  laminated  silt;  moreover,  ita  materials  appear 
to  have  been  derived  from  the  southward,  from  the  Old  Red  Sand- 
stone districts  in  Kincardine  and  Forfar,  a  conclusion  which  is 
confirmed  by  the  occurrence  of  stria;  on  the  rocks  below,  pointing 
from  S.S.W.  to  N.N.E.  Near  Collieston  and  SUins  this  clay  rests 
on  a  set  of  stratified  sands  and  gravels  which  are  more  than  50 
feet  thick,  and  contain  numerous  broken  marine  shells,  but  these 
seem  to  have  been  derived  from  the  destruction  of  Pliocene  beds, 
comparable  to  the  English  crags.  The  red  clay  varies  from  10  to 
30  feet  in  thickness,  and  reaches  inland  up  to  heights  of  300  feet, 
whUe  pebbly  gravels  with  broken  ehells  ran^e  up  to  470  feet. 
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In  the  basin  of  the  Clyde  there  are  certain  depoBits  which  were 
evidently  foriDed  durinii;  the  last  stage  of  the  Olacial  epoch.  The 
usual  succeesion  of  these  beds  is  as  follows  ; — 


ClvdeP-   Sandy  eliy  or  sandy  gravel. 

hin    1  ^'  *''"*  P^y  "'"y  '"^'^  many  perfect  Bhells. 

°^^  [l.  Laminated  reddish  olay  without  shells. 
Till.  Hard  tough  buulder-clay  with  striated  Btoues. 

There  is  always  a  layer  of  laminated,  stoneless,  and  ehell-less  clay 
between  the  till  and  the  shell-bearing  clay  (No.  2),  but  its  thickness 
varies  from  1  to  18  feet.  The  clay  above  is  a  consolidated  mud 
through  which  many  stones,  both  rounded  and  angular,  are  scattered, 
but  its  consistency  is  not  that  of  boulder-clay,  and  the  stones  are 
not  glaciated  ;  the  shells  which  occur  in  it  are  generally  perfect, 
and  are  of  northern  and  Arctic  speoiea  These  clays  fringe  the 
Firth  of  Clyde  from  Gla^w  westward,  and  pass  up  the  Eyles  of 
Bute  to  Loch  Fyne  ;  they  are  also  found  on  the  shore  of  Loch 
Lomond,  but  do  not  anywhere  extend  beyond  50  feet  above  the  sea. 

Inland  the  last  phase  of  the  Glacial  epoch  is  marked  by  the 
occurrence  of  terminal  moraines  in  many  of  the  Highland  valleys  ; 
eometimes  several  such  moraines  occur  one  above  another,  and 
huge  blocks  of  rock  are  often  perched  on  the  top  of  them  as  well 
as  on  the  neighbouring  slopes,  while  the  course  of  the  glen  above 
the  highest  moraine  is  swept  clear  of  all  such  detritus. 

Karnes  are  found  in  some  districts,  and  Mr.  Hugh  Miller  observed 
that  in  Easter  Ross  the  ends  of  all  the  kames  are  markedly  levelled 
out  into  horizonUlly  stratified  sheets  of  gravel  all  along  the  line 
of  the  100-foot  beach  of  that  district. 

6.  Ireland 
G-laoiation.— The  glaciation  of  Ireland  presents  some  remark- 
able features  ;  the  prevalence  of  ice -marks  running  from  N.N.W. 
to  S.S.E,,  and  Che  frequent  occurrence  of  roches  moutonndes  sloping 
to  the  N.N.W.,  prove  that  there  was  a  time  when  the  general 
movement  of  the  ice  was  from  that  direction.  This  general  trend' 
is  particularly  noticeable  throughout  the  southern,  central,  and 
eastern  parts  of  the  country  ;  in  Connaught  and  Ulster,  however, 
the  ice-marks  vary  greatly  in  direction,  pointing  south-west  about 
Qalway  Bay,  W.N.W.  round  Clew  Bay,  due  north  round  Killola 
Bay,  north-west  down  the  valley  of  Lough  Erne,  and  north-east  in 
Tyrone.  It  is  probable  that  the  strife  have  not  all  been  produced 
at  the  same  time  or  by  the  same  agent  ;  that  some  were  made  by 
the  early  glaciers,  some  by  an  ice-sheet  or  ice-stream  during  a  time 
of  submergence,  and  some  by  the  later  glaciers  which  occupied  the 
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mountains  on  their  re-elevation,  imd  it  ii  oliviouHly  difficnlt  to 
diatinguish  between  the  striee  made  at  these  ditferent  stages  of  the 
Glacial  episode.  Mr.  J.  R.  Kilroe  has  shown  that  in  the  north-weat 
of  Ireland  two  sets  of  strire  can  be  diatinguished,  the  one  being 
due  to  a  local  glaciation  and  the  other  to  a  flow  of  ice  from  the 
weet  of  Scotland.^* 

Qlaclal  Deposits. — Ireland  is  largely  covered  bj  Glacial 
deposits,  about  which  much  has  been  written,  but  no  satisfaetoiy 
or  comprehensive  account  of  them  has  yet  been  published.  Enough 
la  known,  however,  to  make  it  obvious  that  they  were  accumulated 
under  the  same  conditions  as  those  of  England  ;  thoee  of  Northern 
and  Eastern  Ireland,  indeeil,  greatly  resemble  the  drifts  of  Western 
England,  but  tho^fe  of  the  central  and  western  dietricta  constitute 
rather  a  difierent  type. 

The  centml  plain  of  Ireland  "  ia  largely  covered  by  a  widely 
spread  mass  of  drift,  consisting  of  dark  sandy  clay  with  pebbles  and 
blocks,  and  occasional  beds  of  sand  and  gravel,  which  are  sometimes 
very  regularly  stratified.  The  great  majority  of  the  pebbles  are 
rounded  fragments  of  Carboniferous  limestone,  whence  the  deposit 
usually  goes  by  the  name  of  the  Limestone  Drift  This  deposit  rests 
not  only  on  the  limestone,  but  eweeps  up  on  to  the  flanks  of  all 
the  hills  which  rise  from  the  central  plaia  In  such  case  the 
Limestone  gravel  (often)  becomes  lai^ly  mingled  with  the  detritus 
of  the  rocks  of  which  the  hills  are  mode,  ,  .  .  but  gravel  almost 
entirely  composed  of  limestone  pebbles  ia  found  up  to  heights  of 
1 200  feet  on  the  granite  mountains  south  of  Dublin.  It  spreads 
across  the  lower  part  of  this  granite  range,  and  runs  down  by  Bray 
into  the  county  Wicklow,  where  it  is  covered  by  beds  of  sand  end 
marl  that  spread  throi^h  Wicklow  and  Weiford  over  all  the  low 
grounds  between  tlie  mountains  and  the  sea-coast" 

In  some  cases  this  Limestone  Drift  overlies  a  deposit  composed 
entirely  of  local  rocks,  aa  in  Olenbarrow,  on  the  northern  flank  of 
the  Slieve  Bloom.  Here  at  a  height  of  800  feet  the  river  runs 
below  a  cliff  120  feet  high,  which  ia  entirely  formed  of  stratified 
drift,  and  exhibits  the  following  succession  : — 

F«t. 
Coarse  drift  witli  limestone  boulders  ...         50 

Fine  iBiuioated  s&nd 20 

Bubbly  sand,  with  angnlar  blocks  of  Old  Red  Sandstone,  the  same 
rock  lying  below 50 

On  the  north-east  coast  there  are  deposits  similar  in  all  respects 
to  the  low-level  drifts  of  I^ncashire,  consisting  of  red  and  brown 
boulder  •  clays,  with  frequent  intercalations  of  sand  containing 
marine  shells.     Cliff-sections  of  such  beds  are  frequent  along  the 
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coasts  of  Antrim  and  Down,  and  their  marine  origin  ia  proved  not 
only  bj  tha  Bhells  in  the  Bonds,  but  by  the  presence  of  Nucuiana 
pernala  and  Nueukma  minvia  with  attached  valves  in  boulder-day 
at  Woodbura  Olen,  near  Belfast. '^ 

Southwards  these  reddish  clajs  appear  to  overlie  the  limestone 
drift,  as  seen  in  the  cliff-sections  at  Killincy  and  Bnlljbrack,  soutfa 
of  Dublin,  and  thej  attain  a  great  thickness  near  Carlow,  where 
the  following  succession  was  found  in  sinking  a  coliiet;  shaft  :— 

Ts ->.        fStiffredclav  with  Btonea  84 

Newer  Dntt       |L.o,i^taa  iky        ...  .  6 

^  .,  ?Ssad  with  pebbloi  of  limestoiin  .         26 

Limestone  Drlft|st^„g^,,j*;;;thgtonea  H 

122 

Di'ifts  with  marine  shells  occur  again  in  Wicklow  and  Wexford, 
chieHy  below  600  feet,  but  on  Three  Rock  Mountain  in  Wexford 
they  occur  at  a  height  of  1300  feet,  and  include  eome  more  southern 
forms,  as  Dotinia  lincla,  Veniu  itriatula,  and  Fentu  carina. 

Ho  notice  of  Irish  drifts  would  be  complete  without  a  reference 
to  the  long  windii^  banks  or  ridges  of  gravel  which  are  known  a* 
eskers.  These  ridges  often  rest  on  the  surface  of  the  other  Glacial 
deposits,  and  front  these  the  materials  composing  ihem  have  been 
chiefly  derived.  They  often  extend  in  sinuous  lines  for  many 
miles,  but  are  contined  to  the  plains  and  low  grounds,  not  extending 
above  the  400  feet  contour.  They  may  therefore  be  regarded  as 
among  the  latest  of  the  Pleistocene  deposits,  hut  the  occurrence  of 
large  bouldera  on  these  banks  shows  that  floating  ice  was  still 
present 

Morainic  mounds  occur  in  some  of  the  valleys  of  the  more 
mountsinouH  regions,  and  testify  to  the  exbtence  of  small  valley 
glaciers  during  the  last  stage  of  the  Glacial  period. 

B.  Non-Glacial  Dbposits 
As  mentioned  on  )>.  640,  the  older  river  gravels  and  the  older 
cavern  deposits  appear  to  be  of  about  the  same  age,  nnd  in  both  the 
stone  weapons  of  PalEeolithic  man  are  associated  with  the  bones  of 
many  extinct  animals.  In  some  places  it  seems  possible  to  dis- 
tinguish two  Pal aeolithio  horizons  or  ages,  an  older  of  roughly  made 
implements  aasodated  with  Elephas  antiquui,  and  a  newer  of  more 
finished  weapons,  for  which  the  name  Maolilhic  has  been  proposed. 
Some  authorities  recognise  a  third  age,  that  in  which  reniains  of 
the  reindeer  are  abundant,  assouated  with  a  spedal  type  of  flint 
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implements.    If  the  latter  is  in  real  aucceeaion  and  not  a  m«n  local 
variation  the  Pleistocene  (non-6tacia1)  succesaion  maj  be  tabulated 

as  follows ; — 

4.  Neolithio,  the  age  of  domeaticited  animals. 

^■^MeBolithin  /the  age  of  the  itiadevi  {Sanff^er  taramlui). 

2./  '  \the ago  of  EUphca primigenitu md Skijuxerol  tichorhitut*. 

1.  PakeoUthic,  the  age  of  Eli^ha*  anliquui. 

It  would  be  impossible  within  the  limits  of  this  volume  to  give 
anything  like  a  comprehensive  account  of  the  river  gravels,  cave 
earths,  raised  beaches,  and  other  non-Olacial  deposits  in  Britain. 
Only  a  few  examples  will  therefore  be  described  in  the  following 
pages. 

Oave  Deposits. — Tlte  origin  of  caves  and  the  formatjon  of 
the  deposits  found  in  them  is  explained  in  most  bonks  on  Physical 
Geology.  Many  such  caves  have  now  been  explored  in  England 
and  Wales  ;  some  of  them  have  served  as  dens  for  bears  or  for 
hyenas,  and  the  bones  of  other  animals  belong  to  carcases  which 
have  been  dragged  in  by  these  creatures.  At  other  times  they  have 
served  as  shelters  for  man,  whose  occupation  of  them  is  proved  by 
the  frequent  occurrence  of  atone  implements — Palaeolithic  in  the 
lower  beds,  and  sometimes  Neolithic  in  the  higher.  The  caves  of 
Creswell  Crags  in  the  Magnesian  Limeatone  on  the  borders  of  Derby 
and  Notts  afford  good  eiamplea  of  such  deposits.  ^^  In  Robin  Hood 
Cave  the  beds  found  were  : — 

Feet. 

6.  Stala^te  imit«d  to  the  roof 1  to  2 

4.  Breccia  with  boaea  and  implements 0  to  S 

3.  Cave  earth  with  bones  and  implementa         .         .         .         .        2  to  4 

2.  Red  clayey  sand  with  bones 3  to  4 

1.  Light-coloured  sand   with  blocks  of  limestone  fallen  from 

the  roof 2 

The  lowest  sand  yielded  no  organic  remains,  but  the  red  sand 
contained  bones  of  many  animals,  all  of  them  scored  with  the  teeth- 
marks  of  the  creatures  which  had  dragged  them  into  the  cave,  and 
that  these  were  hyaenas  is  proved  by  the  abundance  of  hycena 
bones  and  teeth  belonging  to  individoals  of  all  t^s  from  cubhood 
upwards.  Flint  implements  are  rare  in  the  sand,  but  abound  in 
the  overlying  cave  earth,  some  consisting  of  flint  and  others  of 
qnartzite,  but  all  of  Paheolithic  form  ;  bones  of  the  eame  animals 
occur  in  this  layer.  Lastly,  in  the  breccia  above  are  flint  and  bone 
implements  of  the  more  h^hly  finished  type  which  is  known  as 
Neolithic,  and  fashioned,  according  to  Professor  Dawkins,  by  a 
different  race  of  men  to  the  earlier  inhabitants. 
2  0 
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Some  caves  in  the  Vale  of  Clwyd  (North  Wales)  have  been 
explored  by  the  Ute  Dr.  Hicks,  and  are  important  from  their  pontion 
in  relation  to  the  local  Qlncial  deposits.  *'  They  are  known  as 
the  Fi'ynnon  Benno  and  Cae  Qwyn  caves,  and  are  situate  in  a  small 
valley  or  ravine  on  the  east  side  of  ihe  Vale  at  a  level  of  nearly 
400  feet  above  the  sea.  The  valley  has  apparently  been  filled 
with  Glacial  drirt  of  the  low-level  Lancashire  type  [me  p.  55!),  and 
one  of  the  entrances  to  the  Cae  Gwjn  cave  was  found  to  be  buried 
beneath  a  bank  of  stratified  sand,  gravel,  and  boulder-clay,  the 
lower  layers  of  which  entered  the  cave  and  overlay  the  hone-bear- 
ing cave  earth.     The  section  at  this  entrance  was  as  follows  : — 


Haddiih  bonlder-clay  with  sandy  seams 
3«nd  with  boalden  and  seanu  of  clay 
Gravelly  sand  with  fine  laminated  sand  below 

Bad  laminated  clay 

Cave  earth  witli  bones  and  flint  implements  from  2 


Moreover,  in  the  other  cave  the  bone  earth  had  been  disturbed, 
the  stal^mite  floor  in  places  broken  np,  and  large  stalactites  had 
been  broken  ott,  the  whole  being  covered  by  clays  and  sands  con- 
taining pebbles  from  distant  sources.  Dr.  Hicks  concluded  that  the 
contents  of  the  cave  are  pre-glaciol,  but  this  was  not  proved  by 
the  evidence,  and  the  assemblage  of  nianinialia  is  that  of  the  later 
Pai»olithic  time,  the  commonest  species  being  Shitiocrroi  ticliorhinvs, 
El^ias  prirmgacius  (the  mammoth),  and  JCun^/n-farnniiiu  (reindeer). 
They  mnst,  therefore,  he  regarded  ns  int«r-glacial,  but  anterior  to 
the  submergence  which  enabled  the  northern  ice  to  travel  so  far 
aonthward. 

Another  important  cavern  is  that  known  as  Kent's  Cavern,  near 
Torquay  in  Devon.  This  was  explored  by  Mr.  Pengelly  with 
assistance  from  the  British  Association,  and  classified  collections  of 
its  contents  may  be  seen  in  the  museums  at  Torquay,  South 
Kensington,  and  Oxford.  Where  the  succession  was  complete  it 
read  aa  follows  : — 

6.  Black  monld. 

4.  GranuUr  xtalsciiiite  (5  feet)  with  some  bones. 

3.  Cave  earth  with  many  lioiits  an  I  Palieolithie  iniptaments. 

2.  Hard  crystalline  stalafmite  (6  t«  10  feet]  with  bones  of  bears. 

1.  Breccia  with  bones  of  bears  and  nids  stono  implements. 

The  cave  seems  to  have  been  first  occnpied  by  bears  and 
occasionally  by  men  of  early  PaliEolithic  race.  In  the  cave  earth 
(No.  3)  hyn?na  bones  are  the  roost  abundant,  but  remains  of  twen^- 
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five  other  niainmaU  were  found,  including  Elephm  primigeniu*, 
Rhinoeeroi  ttchorhmvt,  and  Rangier  tarandui.  With  these  were 
a^aocioted  flint  implements  of  twQ  recognited  Palaeolithic  types  and 
«  few  tools  mode  of  bone.  T)iis  deposit  evidently  represents  a  long 
period  of  time,  and  is  covered  bj  the  upper  stalagmite  containing 
remains  of  hyn^no,  msmmnth,  fox,  and  borse. 

Another  well-known  cave  ia  that  at  Briiham  on  the  south  side 
ofTorba}-.  Tig.  181  is  a  diagrammatic  viewof  this  cave  and  of  the 
deposits  found  in  it  The  gravel  at  the  bottom  contained  a  few 
rude  Falceolithic  implemente  and  a  few  bones  of  bears  and  of  the 
mammoth.  The  cave  earth  contained  an  assembly  similar  to 
that  11  f  Kent's  Cavern. 


River  GrOrTela. — The  manner  in  wliicli  disconnected  tracts 
and  terruces  of  gravel,  sand,  and  loam  have  been  farmed  and  left 
at  various  levels  in  a  river-valley  is  explained  in  all  textbooks  of 
Physical  Geology.  They  represent  different  stages  in  the  excava- 
tion of  a  valley,  those  at  the  highest  level  above  the  existing  stream 
being  of  course  the  oldest,  and  the  others  newer  in  proportion  as 
they  are  nearer  to  the  level  of  the  modem  allnvium. 

The  deposits  in  the  valley  of  the  Thames  may  be  taken  as  an 
example  of  such  accumulations.  In  the  higher  parts  of  the  vallev 
tracts  of  gravel  are  found  at  various  heights,  now  on  one  side  of  the 
river,  now  on  the  other  ;  three  stages  or  terraces  can  often  be 
distinguished,  the  higliest  being  about  30  feet  above  the  level  of 
the  river.  From  this  highest  terrace  few  bones  have  been  obtained, 
but  at  the  lower  levels  land  and  river  shells,  with  remains  of  ElepJuu 
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primigeniut,  Elqihat  antiqwii,  Shinocerot  lichorkima*,  Biton  priiau, 
Bangifer  tarandui,  Eqttia  cabailui,  CaaU  Input,  and  Urtue  aretoi  are 
frequently  (bnad.  Between  Wmdaor  And  Londoa  the  outspreada  of 
gravel  become  wider  and  more  continuous,  but  the  Burface  of  the 
older  parte  still  rises  to  30,  and  even  45  feet  above  the  river,  and 
the  shellB  are  rtill  of  fluviatile  apecies.  Hence  we  maj  conclude 
that  when  these  gravels  were  deposited  the  Thames  had  a  much 
longer  course  than  it  has  at  present,  and  that  this  part  of  the  valley 


S.  HydnibiH  mirgiiuits. 


(BuloU)  fruUcuni. 


was  then  far  inland,  otherwise  the  beds  would  be  at  a  lower  level 
and  the  sheila  would  be  estuarine.  In  these  gravels,  at  Acton  and 
Stoke  Newington,  many  flint  implements  of  Pal:eo1ithic  type  have 
been  found. 

Below  London,  at  Ilford,  Grays,  Crayford,  and  Erith,  there  are 
a  series  of  gravels,  sands,  and  loams  which  rise  to  25  or  30  feet 
above  the  river,  but  are  nearly  60  feet  above  the  base  of  the 
alluvium  at  Erith.  These  beds  have  yielded  the  mammalian  remains 
mentioned  above,  and  it  is  only  at  these  places  that  Bhinoeerot 
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Itptorhirttu   and   R.   tiehorkinvt  have   been   found   together.       The 

prcBence  of  Shinoearoi  megarhinut  (a  Pliocene  form)  and  the  absence 
of  the  reindeer  (Ranker  taTand\is)  are  regarded  at  indications  of  the 
anCitjuity  of  the  deposita.  Between  fifty  and  siity  spedea  of  land 
and  freshwater  ahella  have  been  found,  aeveral  of  which  no  longer 
live  in  Britain,  e.g.  Cyrena  (Corbieala)  flvminalia,  Unio  littoraiie, 
Pitidiiini  ammcum,  Hydrobia  morginofa,  and  Helix  fruticum.  A 
worked  flake  proving  the  presence  of  Man  haa  also  been  found  in 
the  lower  brick  earth. 

The  district  now  drained  by  the  river  Cam  contains  an 
interesting  series  of  river  deposits  which  bear  testimony  to  the 
successive  changes  that  have  taken  place  in  the  drainage  aystem  of 
this  area.  The  oldest  line  of  gravels  has  no  connection  with  the 
modem  river-valley,  but  crosses  it  nearly  at  right  angles  near 
Cambridge.  Patches  of  gravel  in  the  hill-valleys  near  Balaham 
testify  to  the  action  of  streams  where  none  now  exist,  and  these 
seem  to  have  united  to  form  a  river  which  ran  by  Wilbraham,  Quy, 
Cambridge,  Qirton,  Oakington,  Long  Stanton,  and  Willingham.'^ 


d  Biid.  a.  KimeridgBClir. 

The  deposits  it  has  left  now  form  long  gravel-capped  ridges,  the 
base  of  the  gravels  where  interaected  by  the  Cam  being  about  40, 
and  their  surface  sometimes  60  feet  above  the  modem  alluvium. 
These  fluviatile  gravels  appear  to  terminate  abruptly  near  the  fens 
of  the  Bedford  Level,  but  were  probably  originally  continuous  with 
the  gravels  at  Chatteris,  Doddington,  and  March,  which  form 
similar  ridges  rising  above  the  general  level  of  the  fens  which 
surround  them,  and  evidently  mark  the  estnarine  channel  of  a 
river  which  traversed  the  country  when  it  stood  at  a  aomewhat 
lower  level,  and  before  the  Pen-land  existed.  The  shells  found  at 
March  are  chiefly  marine,  but  include  Corbicala  Jlwniinalii. 

Of  deposits  which  bear  a  definite  relation  to  the  modem  river 
0am,  remains  of  three  terraces  can  be  recognised.  The  highest  of 
them  runs  by  Trumpiugton  and  Bamwell,  about  20  feet  above  the 
alluvium,  and  has  yielded  a  number  of  mammalian  bones  and 
teeth,  with  a  still  larger  number  of  shells,  among  which  Corbievla 
flrnninalis,  Unio  iittoroiis,  and  Hydrobia  marginata  occur.  Thete 
three  eheUs  do  not  occur  in  the  lower  terraeea,  which  are  respec- 
tively about  li  and  8  feet  above  the  allaviom  near  Cambridge. 


.V  Google 


566 


3TBA.TIGRAPHICAL  G&OLOGT 


Raised  Beaohee. — Elevatioa  of  the  land  ia  also  attested  by 
the  raised  beaches  and  aea-mat^(uia  which  occur  along  mauy  parU 
of  the  British  coast-line.  The  beaches  consist  of  sand  and  gravel, 
irregularly  stratiBed,  and  often  containing  drifted  sheUe,  such  as 
maj  be  found  on  modem  shores.  Deposits  of  this  kind  occur  at 
Brighton  and  westward  along  the  aonthern  part  of  Sussex  as  for  as 
Portsdown  Hill,  the  highest  level  at  which  they  are  found  being 
about  100  feet  above  the  sea.  Inland  thej  are  banked  against  on 
old  line  of  cliffs,  the  position  of  which  is  shown  iu  Fig.  14T. 
Raised  beaches  exist  also  at  Portland  Bill,  where  the  highest  part 
of  the  deposit  is  50  feet  above  sea<level,  and  at  many  places  round 
the  coasts  of  Devon  and  Corawall.'^  On  the  Scotti^  coasts  raised 
beaches  and  lines  of  cliff  are  found  at  various  successive  levels 
between  20  and  100  feet  above  biglt-water  mark,  four  or  hve 
sometimes  occurring  one  above  another. 


r.  Hiffhi 


/.  AlluT 


Alluvial  Levels. — -Thesti  are  marshy  flats  formed  of  the 
deposits  left  by  the  flood-waters  of  a  river  ;  they  border  the  actual 
channel  of  the  river  and  widen  out  in  the  lower  part  of  its  valley, 
till  near  the  river's  mouth  they  often  form  wide  levels  or  marshes, 
which  are  partly  of  fluviatile  and  partly  of  marine  origin.  The 
depth  of  alluvial  matter  which  occupies  the  ancient  valleys  of  our 
rivers  near  their  mouths  is  sotuetimes  very  great ;  thus  at  Sheemess. 
and  also  at  UpchuTch,  near  Sheppey  Island,  borings  have  proved  7  7 
feet  of  such  alluvium.  In  the  Yaeex  marshes  there  is  sometimes 
60  feet  of  alluvial  matter.  At  Yarmouth  there  is  said  to  be 
170  feet,  and  in  the  valleys  of  the  Yare  and  Wenaum  there  appears 
to  be  sometimes  60  or  70  feet  of  alluvium  between  the  present 
surface  and  the  chalk  which  lies  at  the  bottom  of  the  voUey. 

In  the  Vale  of  Pickering,  in  Yorkshire,  a  deep  deposit  of 
alluvial  matter  has  accumulated  behind  the  bank  of  boulder-claj 
which  blocks  the  seaward  end  of  the  valley,  forming  the  great 
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"  data "  aod  "  ings "  near  the  villagea  of  Wilton,  Allerston, 
EbberstoD,  and  Sw&inton.  The  deposits  conaiat  of  soft  clajB  a&d 
sands,  which  are  soinetiiues  00,  70,  and  even  100  feet  deep, 
resting  usually  on  a  layer  of  gravel  from  which  a  water-supply  is 
obtained. 

Besides  the  depoeits  above  mentioned  which  lie  within  river- 
valleys,  there  are  other  tracts  round  our  shores  which  have  once 
been  bays  and  inlets  of  the  sea,  and  are  now  filled  principally 
with  marine  silts  and  ctays,  though  layers  of  peat  with  trunks  of 
trees  are  frequently  intercalated  with  the  silts,  and  mark  pauses  in 
the  procesa  of  silting  up.  Many  such  tracts  pass  beneath  the 
present  beaches,  and  were  evidently  once  otnch  more  extensive 
than  they  are  now.  Such  are  the  marshes  near  Fleetwood,  in 
lAncashire,  the  Bridge  water  Levels  in  Somerset  which  pass 
b«neath  the  Bristol  Channel,  and  mnst  formerly  have  eitended 
far  down  this  estuary,  the  Pevensey  Levels  in  Sussex,  the  Bomney 
marshes  in  Kent,  the  Fens  of  Cunbridge  and  Lincoln,  and  the 
marshes  of  the  East  Lincolnshira  coast 


The  Arctic  plants  in  the  thin  layer  underlying  the  lowest 
boulder-clay  of  Cromer  indicate  a  great  and  sudden  increase  of 
cold,  and  the  overlying  boulder-clays  ore  the  acknowledged  product 
of  ice-action,  though  opinions  differ  as  to  whether  the  principal 
agent  engaged  in  their  formation  was  sea-ice  or  land-ice. 

So  lar  as  we  know  there  are  only  three  sets  of  causes  which 
could  have  wrought  such  a  change  of  climate ;  these  are  (1)  cosmical 
and  astronomical  causes  affecting  the  whole  globe  ;  (2)  local  and 
gec^raphical  causes  involving  the  connection  or  disconnection  of 
continents,  and  the  consequent  divergence  or  introduction  of 
mattne  currents ;  (3)  alterations  in  the  arrangement  of  the  areas 
of  high  and  low  barometric  pressure,  affecting  the  direction  of 
prevalent  winds. 

(1)  The  earth's  orbit  or  path  roand  the  sun  is  not  s  circle,  but 
an  etlipse,  the  form  of  which  is  subject  to  a  certain  amount  of 
variation  ;  the  sun  occupies  one  of  tbe  foci  of  this  ellipse,  and 
when  the  earth  is  at  the  end  nearer  to  this  focus  it  is  said  to  be  in 
perikdion,  when  at  the  other  end  it  is  in  aphelion.  When  the 
eccentricity  of  the  orbit  is  great,  and  the  winter  of  one  hemisphere 
occurs  during  the  period  of  aphelion,  the  amount  of  heat  received 
from  the  sun  must  be  greatly  reduced,  and  the  winter  temperature 
must  consequently  be  greatly  lowered  ;   moreover,  the  length  of 
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winter  would  be  increased,  so  that  at  such  a  time  it  would  be  no 
less  Uian  tltirtj-six  daya  longer  than  the  Bummer  (its  length  at  the 
present  time  being  eight  dajs  shorter  than  that  of  the  HUiumer). 

The  reault  of  such  conditions,  viz.  a  lowering  of  the  temperature 
and  a  lengthening  of  the  winter  in,  say,  the  northern  hemisphere, 
would  be  that  much  of  what  previously  fell  as  laiu  would  then  fall 
aa  anow,  and  a  greater  fall  of  snow  ujeans  a  greater  accumulation 
of  ica  in  the  northern  regions.  But  since  the  summers  would  occur 
in  perihelion,  and  the  heat  received  from  the  eun  would  thus  be 
greater  than  it  is  now,  it  might  be  thought  that  this  heat  would  be 
sufficient  to  dispel  the  ice  and  snow  accumulated  during  the  long 
cold  winters.  Mr.  Croll,  however,  has  shown  tha(,  in  epite  of  the 
greater  amount  of  heat  then  received,  the  actual  temperature  of 
the  air  near  the  earth's  surface  would  be  lower  than  it  is  now. 
There  are,  he  Bays,  three  ways  by  which  accumulated  masses  of  ice 
and  snow  tend  to  lower  the  summer  temperature,  viz. : — 

(a)  The  temperature  of  the  anow  and  ice  can  never  rise  above 
the  freezing-point,  however  hot  the  sun's  rays  may  be,  and  conse- 
quently the  air  is  cooled  by  contact  with  the  enow  more  rapidly 
than  it  is  heated  by  the  sun,  for  air  is  not  a  good  absorbent  of 
radiant  heat ;  hence  in  a  country  like  Greenland  the  temperature 
of  the  air  even  during  summer  never  rises  much  above  the  freezing- 
point. 

(b)  The  rays  falling  on  a  surface  of  anow  and  ice  are  disposed 
of  in  two  ways :  some  are  reflected  back  into  space ;  others  are 
absorbed,  but  do  not  raise  the  temperature,  for  they  are  used  up  in 
melting  a  portion  of  the  ice. 

(c)  The  great  strength  of  the  sun's  rays  at  the  beginning  of 
summer  would  produce  an  increased  amount  of  evaporation ;  but 
the  presence  of  snow-clad  mountains  would  chill  the  atmosphere, 
and  condense  the  vapour  into  thick  fogs  such  as  often  envelop  the 
Antarctio  regions  during  summer  at  the  present  time.  These  fogs, 
by  cutting  off  the  sun's  rays,  prevent  the  further  melting  of  the 
SDOw  and  ice,  and  make  the  summer  temperature  of  these  regions 
actually  lower  than  that  of  the  northern  regions,  in  spite  of  the 
summer  occurring  in  perihelion. 

(2)  Let  us  next  examine  the  probable  geographical  conditions 
of  the  period.  The  probable  land  connection  between  Scotland 
and  Greenland  during  Tertiary  time  has  already  been  mentioned, 
and  there  is  every  reason  to  suppose  that  it  continued  to  exist  tUl 
the  beginning  of  Pleistocene  time  ;  all  authorities  are  agreed  that 
the  weetem  part  of  the  British  Islands  then  stood  at  a  much  higher 
level  than  they  do  now,  that  England  was  joined  to  the  Continent, 
and  that  Ireland  was  probably  united  to  England,  and  conseqnently 
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that  all  our  mountainoiu  regions  row  to  mnch  greater  elevations. 
It  ia  hardly  neceaeary  to  point  out  that  a.  greater  extent  of  land 
with  more  loftj  mountains  are  conditions  which  would  favour  a, 
greater  accumuIstioD  of  anow. 

Assuming,  then,  the  persistence  of  the  barrier  between  the 
Arctic  and  Atlantic  Oceana,  what  changes  can  be  indicated  as  likely 
to  bring  a  cold  current  into  the  Atlantic  from  the  north-weatj— 
for  the  exiBtence  of  such  a  current  seems  to  be  proved  by  tbe 
pi'evalent  direction  of  ice-marks  in  Ireland  and  the  north-west  of 
England,  and  by  the  facts  connected  with  the  dispersal  of  erratics. 
It  has  been  suggested  that  the  submergence  of  the  Baffin's  Bay  area 
may  have  token  place  at  this  time,  and  that  by  this  means  a  cold 
Arctic  current  was  introduced  into  the  Atlantic,  and  would  in  all 
probability  flow  eastward  aloi^  the  western  side  of  that  land  of 
which  our  islands  formed  a  part.  By  such  an  arrangement  any  warm 
current  such  aa  the  modern  ")>ulf  stream  "  would  be  cut  off  from  our 
north-west  coasts,  and  compelled  to  take  a  more  southerly  conrae. 

Dr.  Croll,  however,  has  adduced  very  good  reasons  for  supposing 
that  no  mch  powerfal  current  aa  the  Gulf  Stream  then  entered 
the  North  Atlantic  He  points  out  that  the  strength  of  the  trade 
winds  depends  on  the  difference  of  temperature  that  may  exist 
between  the  equatorial  and  polar  regions,  the  winds  being  strongest 
in  that  hemisphere  where  the  greatest  difference  exists.  When 
this  occurred  in  the  northern  hemisphere  the  influence  of  the 
northern  trades  would  extend  considerably  south  of  the  equator, 
and  this  would  affect  the  great  ocean  currents,  tending  to  impel 
them  southwards. 

(3)  The  alteration  of  meteorological  conditions  as  a  cause  of 
climatal  change  has  recently  been  discussed  by  Ur.  F.  W.  Harmer,^^ 
who  points  out  that  the  winds  are  an  important  factor  in  determin- 
ing the  distribution  of  climatal  zonea,  and  that  existing  deviations 
of  the  monthly  or  yearly  isotherms  from  the  normal  are  coincident 
generally  with  the  direction  of  the  prevalent  winds.  "The  winds 
blow  in  a  direction  more  or  less  parallel  to  the  iaobarG  ;  the  latter 
group  themselves  round  centres  of  high  and  low  pressure.  .  .  . 
Anomalous  weather  is  due  to  some  unusual  arrangement  of  these 
areas  ;  similarly  former  cases  of  anomalous  climate  can  only  have 
occurred  when  meteorological  conditions  were  favourable. 

"During  the  Glacial  period  the  regions  covered  by  ice  might 
have  been,  to  a  greater  or  less  extent,  anticjclonic  at  all  seasons, 
low-pressure  systems  prevailing  at  the  same  time  over  the  warmer 
regions  immediately  to  the  south  of  them  and  over  the  adjoining 
oceana.  The  relative  positions  of  areas  of  high  and  low  barometric 
pressure,  the  direction  of  the  prevalent  winds,  and  the  consequent 
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diatribntiou  of  climatic  zones  would  in  such  a  case  have  differed 
from  those  of  the  jiresent  time." 

The  prevalence  of  aouth-west«rl;  winds  over  the  British  ores  at 
the  present  time  is  due  to  the  fact  that  the  centres  of  cycIoDic 
storiDB  generally  pass  from  the  Atlantic  to  the  north  or  north-west 
of  our  islands.  Under  the  conditions  above  imagined  thej  would 
pass  farther  to  the  south,  hringing  oceanic  winds  over  the  Sahara 
and  the  Mediterranean  Sea,  while  easterly  winds  would  prevail 
over  Britain.  It  has  already  been  mentioned  that  the  shell-banks 
of  the  SulTolk  and  Norfolk  cra^^  afford  actual  evidence  of  such 
easterly  winds  during  the  later  part  of  the  Pliocene  period. 
Further,  as  Mr.  Harmer  points  ovt,  "  the  diversion  of  the  prevalent 
winds  of  the  northern  part  of  the  north  Atlantic  from  a  south- 
westerly to  a  south-easterly  direction  would  have  tended  to  divert 
the  Oulf  Stream,  or  what  remained  of  it,  towards  the  Americ&n 
coast."  This  abstraction  of  the  Oulf  Stream  would  have  an 
enormous  effect  on  the  climate  of  Western  Europe,  equivalent, 
according  to  Dr.  Croll,  to  a  lowering  of  the  mean  annual  temperature 
of  London  by  40°  F. 

There  can  be  little  doubt,  therefore,  that  if  any  two  of  the  above- 
mentioned  causes  happened  to  be  coincident,  a  period  of  very  severe 
cold  would  be  produced  in  the  northern  hemisphere,  or  at  any  ntt« 
in  the  Europ-Asiatic  portion  of  it ;  and  it  is  quite  possible  that  the 
glaciatir>n  of  Europe  and  of  North  America  was  not  contemporaneons, 
but  alternating,  i.e.  the  time  of  maKimum  glaciation  in  the  one 
region  corresponding  with'  a  minimum  of  glaciation  in  the  other. 

In  the  descriptive  section  it  has  been  mentioned  that  glaciated 
surfaces  are  common  throughout  the  northern  parts  of  Britain, 
and  that  Himilar  markings  occur  beneath  the  boulder-clays  which 
cover  the  lowlands ;  much  of  this  glaciation  was  doubtless  effected 
by  land-ice  at  the  commencement  of  the  Glacial  period,  when  the 
land  stood  at  a  high  level.  The  country  seems  then  to  have  been 
covered  by  a  vast  system  of  glaciers,  which  may  have  been 
confluent  on  the  lower  ground,  and  have  formed  an  ice-sheet 
like  that  which  envelops  Qreenlond  at  the  present  day.  The 
Highlands  of  Scotland  evidently  formed  the  largest  centre  of 
dispersal,  but  independent  snowiietds  existed  over  the  southern 
uplands,  the  English  Lake  Distiict,  Wales,  and  Northern  Ireland. 
The  principal  result  of  these  slowly-moving  ice-caps  may  be 
described  as  a  general  scraping  and  scouring  of  the  land  beneath 
them  ;  all  its  rocky  prominences  were  smoothed  and  rounded  off, 
the  prc-Olacial  soils  and  river  gravals  and  the  outer  weathered 
portions  of  all  rock  surfaces  were  ground  up  and  poshed  almig 
down  the  valleys  and  out  on  ti>  the  plains  below. 
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The  hard  till  or  lower  bonlder-cl&y  is  believed  to  haws  been 
formed  under  this  ice-sheet,  and  eome  authorities  comidej-  it  to 
huve  been  accumulated  as  a  "moraine  profonde"  beneath  the 
ice  which  rested  on  the  land ;  but  others  question  the  possibility 
of  euch  a  universal  layer  of  detritus  existing  beneath  an  ice-sheet, 
and  suggest  that  thie  boulder-clay  was  laid  down  below  the  level 
of  the  sea,  where  the  ice  displaced  the  sea-water,  but  began  to 
rise  or  lift  itself  from  the  ground  over  which  it  passed. 

With  regard  to  the  later  boulder-clays  and  those  which  spread 
over  so  large  a  part  of  England,  it  ia  probable  that  sea-ice  was 
chieSy  concerned  in  their  formation.  Most  writers  admit  that 
after  the  ice  had  reached  its  maximum  thickness  and  extension, 
a  general  movement  of  submergence  set  in,  which  must  have 
brought  the  sea-ioe  farther  and  farther  over  the  land.  During 
this  phase  of  the  period  the  outer  parts  of  the  ice-sheet  would 
be  broken  up  by  the  sea-waves,  tlie  huge  icebergs  thus  formed 
being  mingled  with  tlie  Soes  brought  froin  more  northern  regions 
by  the  two  Arctic  currents,  and  both  yielding  their  burdens  of 
mud  and  stones  to  swell  the  deposits  of  boulder-c1aj  that  were 
being  formed  round  the  sinking  shores.  Every  winter  saw  our 
islands  fast  bound  in  immovable  ice,  but  every  spring  and  summer, 
when  the  coast-ice  liroke  up  and  was  driven  southward  by  winds 
and  currents,  found  the  water-level  a  little  higher,  and  saw  the 
deposits  of  clay  and  gravel  carried  a  little  farther  up  the  submerged 
slopes.  It  appears  certain,  however,  that  the  southern  part  of 
England  was  never  covered  by  ice,  nor  submerged  to  a  great«r 
extent  than  100  feet. 

From  the  icy  sea  in  which  it  was  partially  submerged  Britain 
gradually  rose  again,  and  as  the  monutains  rose  higher  and  higher 
above  the  water  they  were  i^aiu  covered  by  ice  and  snow,  but 
these  did  not  accumulate  to  anythii^  like  their  previous  thickness, 
because  the  conditions  which  hnd  caused  the  Glacial  episode  in 
the  northern  hemisphere  were  now  passing  away.  Snowfields, 
however,  formed  on  the  hills  of  Scotland,  Ireland,  Cumberland, 
and  Wales,  generating  local  glaciers  which  have  left  small  moraines 
to  mark  the  limits  of  their  descent  down  the  volleys. 

The  rainfall,  however,  was  probably  greater  than  it  is  now, 
and  the  country  being  covered  with  an  almost  universal  mantle 
of  boulder-clay,  no  large  tracts  of  pervious  rock  were  then  exposed, 
such  as  nofr  absorb  a  portion  of  the  rainfall ;  consequently, 
nearly  all  the  rain  was  shed  off  the  land  in  the  shape  of  running 
water,  all  the  streams  and  rivers  were  larger  and  swifter  than 
they  are  at  present,  and  the  process  of  valley  erosion  was  thos 
carried  on  M  «  rapid  rate. 
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Since  the  Glacial  deposits  to  a  great  extent  draped  the  pre- 
Qlacial  surface  of  the  country  without  completely  filling  up  the 
pre-exiatent  valleys,  the  atreama  were  naturally  directed  into  ihe 
same  depressions  ;  but  the  channel  which  each  began  to  carve  out 
of  the  Glacial  beds  did  not  everywiiere  coincide  with  that  of  the 
river  which  occupied  the  valley  in  pre-Glacial  times,  ao  that  in  nianj' 
cases  we  have  a  post-GIaciol  valley  ayaWm  superposed  upon  an 
antecedent  one,  as  in  the  case  of  the  Meraey  and  of  many  rivers 
in  Scotland.  Cases  also  occur  where  the  older  valleys  have  been 
blocked  up  by  Glacial  deposits  at  certain  points  ao  that  the  post- 
Glacial  streams  were  ponded  hack,  and  have  made  new  channela 
for  themselves  through  the  country  between  the  older  valleys ; 
interesting  instances  of  this  occur  in  Lincolnshire.^' 

The  phenomena  of  the  buried  foreata,  which  in  some  places 
descend  to  as  much  as  70  feet  below  the  present  sea-level,  show 
that  the  laud  continued  to  rise  until  it  stood  at  least  that  much 
higlier  out  of  the  sea  than  it  does  now,  and  that  the  last  movement 
throughout  the  greater  part  of  England  has  been  one  of  subsidence. 
In  Scotland,  on  the  contrary,  there  has  been  no  such  recent  anb- 
sidence ;  the  old  forest  levels  seldom  run  below  low-water  mark, 
and  they  are  covered  by  marine  clays  which  are  now  raised  to 
a  height  of  from  30  to  45  feet  above  mean  sea-level.  This  means 
that  the  latest  movement  in  Scotland  was  one  of  elevation. 

In  England  the  subsidence  put  an  end  to  the  process  of  valley 
excavation,  the  rivera  ceased  U>  deepen  their  channels,  and  com- 
menced to  form  the  alluvial  levels  which  are  so  characteristic  of 
English  lowland  valleys  ;  thus  it  happens  that  the  seaward  ends 
of  many  valleys  are  silted  up  to  great  depths  below  the  present 
alluvial  levels,  while  even  in  the  higher  parts  of  these  valleys  the 
base  of  the  more  recent  river  gravels  lies  below  the  bed  of  the 
modem  stream. 

We  have  now  brought  the  history  of  Britain  down  to  a  recent 
date,  geologically  speaking,  though  we  leave  it  still  in  what  is 
usually  called  prehistoric  time.  To  study  and  describe  the  relics 
of  the  early  human  inhabitants  of  our  islands  belongs  rather  to 
the  province  of  the  antiquary  than  to  that  of  the  geologist,  though 
the  subject  may  also  be  treated  from  a  geological  point  of  view, 
as  in  Professor  Boyd  Dawkins's  Early  Man  in  Britain,  to  which 
the  reader  is  referred. 
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^tempts  to 


blalorlnil  geology  o?  Pleis 

thorongh  and  ooinpleto  manner  than,  we  renture  lu  think,  haa  ever  been  dona  before.  "- 
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ISLES  1  with  a  DlaaerUtlou  on  the  Origin  of  Wastem  Buiope  and  of  the  Atlantic 

Ocean.    With  37  Colourei)  Maps.    By  BowaliD  Edll,  M.A.,  LL.D.,  P.R.H.,  lata 
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THE  PHTSICAL  QEOLOOT  AHD  OEOOBAPHT  OF  lEELAHO.  Part  1. 
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Isluidi bi.  Cyprua.— M.  Ruaeia  and  Poland.— «5.  Sketohofthe  Acquleltlone  ofRneali 

56.  Aaia.— aj.  Asia  Minor,  the  Caiicosua,  and  the  Blsclt  Set— S8.  TTiH  BnphtaWs  Vsl] 

Syria,  Kutdialan,  ntc-ee.  Central  Asia. —M.  The  North-W«t  Frontier  or  India.— fli.  Pa 

One.-*!,   India,  Northern  Part— 68.  1 

6».  Slam.  Burma,  and  Acam.— 67.  China.- 

—71.  AWea.— 72,  Bgyrit,— 7B.  Central  Africs — ■ 

North  America. — 7T.  Newronndlfind.- """    " 


„.  -JiBArnntinfl^ , , , _„ ,, _,. 

ISaat— M.  NawOulnMaod  theSoJomonlsludi.— «S,  Qaeenaland.-  .  . 

— EW.  Vlotoria.— M.  SoaCh  Auatnlfa.— 07.  Wait*m  Anatnlla.— «&  Taamanla.    The  ^1 
Archlpaligo.— W.  New  Zealand,- IIXL  The  Fnclflc  laluUlb 

*,'  Moat  dT  the  nupa  in  the  aboi-e  Atlaa  are  sold  Mpantely. 


ST&HFORD-S     FS.IIU.T    STIiAS     OF     OBHBKAL     OBOOBAPHT. 

Bihlbitlng  the  vuhiua  Phyeicatl  and  Pollllcal  Divlsloni  oT  the  Chief  Countriea  or  thu 
World.  Fia;  Uapa,  with  a  List  of  Latitodea  and  Longitudes.  Imperial  fOUo,  half 
morDceo.    £i:Sa.    Slie  when  ahnt,  16  inches  by  S3  Inchee, 

ConniiTs:— 1.  The  World  In  Hemiaphens,  with  a  arries  of  aectionB.— 2,  The  Worid, 
■howlng  the  Britlah  Foeaeationa.— 3.  Europe. — t.  The  British  Islea,  a  Farllanientcry  map. 
~i.  EngUnd,-6.  Bcotland.— 7.  Ireland.— S.  I>enniarkaiid8chleaHig-lIalHfln.    Icehnd.— 

Part.  Poland. — 12.  Aiiatria-Kungary. — 15.  Bwltierland. — 14.  The  Netherlan<l9  ajid 
BelxlDm.- 16.  Francs  in  Departments.  Prance  in  ProTtnces.- IB.  Spain  and  PortngaL— 
17.  Italjr.  North,    Sardinia- 18.  Italy,  Soutli.-in.  Or6oce,-20.  Tha  Belksn  Peninaola.— 

Put— M.  India,  Bmithem  Part,- IT,  Bnrma,- 28,  Ceylon —S9.  China,— SO.  Japan.— 81. 
Tha  Aaiatlc  Archipelago,— 32.  Africa.— S8.  Egypt.— 84,  South  Arriea.— 89.  Xorth  America. 
-M.  Qasbac,  New  Bmnswlck,  Nova  Scotia,  Frlnce  Kdward  laland.- 87.    <lntarlD  and 

Western  Quebec— «8,  Kanitobe SB,  British  Columbia  and  the  North-Weat  Torrltory.- 

4a  The  United  States  of  North  America,— 41.  The  West  Indlea.— 42.  South  America,— 48. 
The  Argentine  Republic,  Chile,  Paiaguay,  and  Vrnguay. — M.  Qneenaland.— 46.  New  Bonth 
WaleB.~-1«,  Victoria.— 47,  South  Aostrslla.— 48.  WeaUm  Auatialia.— 40.  Taamania.  The 
PUi  Aichlpelaeo.— M,  New  Zealand. 


.V  Google 


BTAMFOBD-B  lAHDON  A-n.AS  OF  DXriTBBSAI. 
OBOORAPHT 

Qouto  Edition,   coiiUlnlng  a  Culound    U>pi,  cantrullj  drawn,  ud   tHatMillf  en- 
gnvad  on  rtMl  end  ooppsr  pUttn ;  ni  hd  Alplisbetlcil  List  of  ibaiit  S0,000  urim, 
vritb  LatitndH  ind  Loogitodu.    FourUi  Edition,  nvlud  and  SDluged.     Imparial  *lo, 
half  moTocn,  doth  ildei,  gilt  edgu,  SOi.    Size  irhen  ihuC,  11  inches  by  IG  inelin. 
OoNraKn :—!.  Hemlepban,  W»t,  Fhjila 
on  MenaUu'g  Fntl«tloiL— t.  Europe.  ~EI.  I 

HTdrograpWciL— T.   Bnglund  lind  Wale".— _ 

Norway. — 11.  Danmarlc — 12.  Qennuif,  West.— 13.  Garmany,  East. — 14.  AtiBtria-Huiigar>-. 
—IS.  avKaarland.— le.  NMberlande  and  Belulam.— 17.  Prance— IB.  Hpatnand  Porta^.— 
1*.  Italy.  North.— KL  lUlj,  Sgnth.-gl.  Balkan  Panlnsula.— K.  Mifiitenwitan,  Wpst.— 
M.  Medltemnian,  Eaat.~a4.  Ruaalaand  ths  Caucaaiia.— 25.  Aila.— M.  Turkeatan,  Weal 
— tr.  TarkeiMn,  But.— :».  China.— 2«.  Japui.-SO.  India,  North.— 31.  India.  Sontb.- 
St.  CeTlon.— Si.  Baat  Indloa.— 8*.  Holy  I*nd.— 35.  Alriou— M.  BjoTt.— 87.  Sooth  Africa, 

42.  ijDltsd  Stetn,  Eait.- 43.  United  StaMs,  Wasl.-^.  West'  Indies  and  Osntnl  America. 


BTAHFOBD'B  OOT&TO  &TI.AS  OF  HODBRN 
OBOORAFHT 

mtainlng  SB  Maps,  carefiUly  dnwn  and  bHautirully  wgnved  on  copper  pUt«g,  colooreiL 
to  abow  the  lateat  Political  Boundulea  and  the  leading  Physical  Fmtuna  ;  alao  an 
Alphabetical  Llflt  orabont  S0,000naidea,  with  lAtltndea  and  LongltudeB.  Handaomely 
bound  In  half  morocco,  gilt  edgea,  price  31a.    tiijce  when  ehut,  7i  Iticbea  by  IS  Inches. 

CoBTKWTii :— 1.  World.- «.  Burope.— S.  Britiah  Iiiloa,  Orographlcal. — 1.  England  and 
alea.— &.  Scotland.— 4.  Inland.— 7.  Bweilen  aod  Narway.— S.  Denmark.- 0.  Oarmany, 
'.—10.  Germany,  B.— 11.  Aaetria- Hungary  .—11.  Bwltmlind.— IS.  Netheriande  and 
iigil.— 10,  IWly,  N.— 17.  Italy,  8.— is.  Balkan 
edlteiraiiEan,  E.— 91,  Raula.— 23.  Asia.- 2S. 
la.  S— 27.  Bast  Indlei.— 38.  Hnly  lAnd.— »>. 
North  America.— Sli.  Dominion  of  CacHda.— SB.  Unlte.1 
.— S5.  West  Indies.— SS.  Booth  America. — 37.  Auatnlia.— 


BTANFORD'B  HAHDT  ATLAB  OF  HODBHN 
OBOORAFHT 

Conilatlng  of  BO  Uapa,  uach  141>y  11  IncheA,  engraved  in  the  best  style,  giving  tbe  IfAdln; 
Fhyilisl  Peitiim,  and  coloured  to  show  the  lst«9t  Political  Hontidarlas;  alao  ai 
Alpbabetloal  List  of  aboot  30,000  nainea,  with  latltndw  aod  Longltudea.  Bound  ii 
clotb,  price  10s.  6d.    Slse  when  abut,  7^  Inches  by  13  lochea. 


Italy,  H.— IB.  Balkan  Peninsula.— IT.  Ruasla.— IB.  Ai 
N— W.  India,  a.— 28.  Holy  Land.— S<.  Africa.— a^, 
27.  Dominion  of  Canada.— SS.  South  America 30, 


LONDON  :   EDWARD  STANFORD,  12,  13,  AND  U  LONG  ACRE.  W.C. 
Oeographtr  to  Bit  Xajeitj/  At  King, 
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